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• vel  caloris  vires , ^ ca/crem  ipfum  velnti  in  gra^ 
dus  partiriy  vel  materU  cut  inditus  ejl  copiam 

qunntiiatcmque  dijiinEie  perctperey  See. Uti- 

fiam  id  allti  fe*  perfpicaciori  praditi  ingenioy  ts* 
quibus  in  Juinnta  iranquillitate  rer^uin  naturani 
perferutari  licuerit  ajjequantur ; ut  homines  non 
omnium  modp  JcienteSy  Jed  omnium  Jere  potenies 
Jant, 


Bernardinus  Telesius. 


Si.  AndrtwSf  Aug,  173S 


SOME 

OBSERVATIONS 

AND 

reflections 

CONCERNING  THE 

CONSTRUCTION  and  GRADUATION 

O F 

THERMOMETERS. 

V TE  cannot  enough  commend  and  admire 
that  excellent  invention  of  T^herniome' 
terSi  whereby  we  are  enabled  to  make 
fome  judgment  of  the  various  degrees  of  heat  in 
bodies.  It  is  not  our  bufinels  at  prefent  to  deter- 
mine to  whom  we  owe  that  noble  and  ufeful  dil- 
Govery  ; whether  to  San6torio,.  to  Galileo,  to  ba- 
ther Paul,  or  to  Drebbel ; for  I find  it  aferibed  to' 
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ill!  thefe  by  their  rffpec^ive  favourers  and  admir- 
ers*. At  firfl,  a.s  is  the  fate  of  all  other  inventions, 
i'hcrmometcrs  were  hut  rude  and  imperfec'l  ma- 
chines, and  not  eafily  to  be  applied  to  fo  many  pur- 
poles  as  came  afterwards  to  be  in  ufe.  They  were 
very  clumfy;  and,  as  the  various  degrees  of  heat 
were  pointed  by  the  difierent  contraction  or  expan- 
iion  of  air,  tirey  came  afterwards  to  be  found  un- 
certain, and  lomctimts  deceiving  meafuresof  heat  j 
us  the  bulk  of  air  was  affedled  not  only  by  the  dif- 

* The  invention  is  given  to  Drebbel  by  his  coun- 
trymen Boerhaave  (Chem.  I.  152,  156.)  and  MulT- 
chenbroek  (Tent.  Exp.  Acad.  Cim.  Add.  p.  8.  EIT. 
de  Phyf.  § 946.).  Fulgenzio  (Life  of  Father  Paul, 
p.  m.  158.)  aferibes  it  to  his  mafter  Father  Paul  Sar- 
pi,  that  great  oracle  of  the  republic  of  Venice.  But 
there  was  an  humour  prevailed,  in  thofe  days,  of  fa- 
thering alinoft  all  the  curious  difcoverles  of  the  age 
on  that  great  flatcfman  and  virtuofo.  Vincenzio  Vi- 
vian! (Vit  de  1’  Galil.  p.  67.  See  too  Open  dl-Ga- 
Jil.  Pref.  p.  47.)  fpeaks  of  Galileo  as  the  inventor  of 
Thermometers.  But  we  know  how  much  and  how 
fondly  he  adored  the  memory  of  his  j^-"<*at  mafter. 
(See  Hid.  A-cad.  dcs  Scien.  1703,  p.  169,  175,  176, 
180).  Still  all  thefc  are  pofthumous  claims, and  they 
too  imputed  by  others,  but  Samftorio  himfelF  (Com. 
in  Galen,  Art.  Med.  p.  736,  842.  Com.  in  Avicen. 
Can.  Fen.  I.  p.  22,  78,  2iy.)  cxprefsly  aftumes  tlie 
inveutior»rn  rpicftion.  .And  I’creUi  (de  Mot,  Animaf. 
] r.  Prop.  175.)  and  Malpighi  (Oper.  Poftli.  p.  30  ) 
aferibe  it  to  Ivim  without  referve.  And  thefe  Floren- 
tine academicians  are  not  to  he  fnfpecled  of  jtarlialf- 
ty  in  favour  of  one  of  the  Patavinian  fchool. 
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fcrence  of  heat,  but  likewife  by  the  cllfierence  of 
weight  of  the  atmofphere  *. 

2.  f Ferdinand  II.  great  duke  of  Tufeany,  or  the 
gentlemen  of  the  jAcademia  ds  1'  Cimento  under  his 
protection,  made  a very  gr^at  improvement  on 
thofe  curious  and  ufeful  machines.  They  made 
them  with  fpirits  inclofed  in  glafs  tubes,  and  thefe 
hermetically  fealed.  So  that  they  could  fuffer  no- 
thing by  the  evaporation  of  liquor,  or  the  various 
gravity  of  the  incumbent  atmofphere.  And  it  was 
Thermometers  made  in  this  w’ay  which  were  firft 
introduced  into  England  by  Mr.  Boyle and  came 
immediately  to  be  of  univerfal  ufe  among  the  vir- 
tuoG  in  all  the  fcveral  countries,  wdierever  polite 
learning  and  philofophy  were  cultivated. 

3.  But  there  was  not  fo  much  ufe  made  of  tiiofe 
inftruments  as  they  were  capable  of.  We  have 
plenty  of  obfervations  made  with  j>articular  Ther- 
mometers at  difil’rent  times  and  places.  But  tlicn 
thefe  were  not  conllruCted  by  any  fixed  fcale  m- 
ftandard.  Even  the  Florentine  Weathcr-glaffes 
themfclves,  whofe  highell  term  was  adjufted  to  the 
gteat  fun-fitine  heats  of  that  country,  were  toe 
vague  and  indetermined and  in  other  places  ever  y 
workman  made  them  according  to  his  own  way 
and  fancy,  without  adjufling  his  numbers  to  any. 

* Boyle  Exp.  on  Cold,  Abr.  I.  p.  577,  d’c. 

■f  Vivian.  Vit.  de  )’  Galil.  p.  67. 

^ Exp.  on  Cold,  Abr.  1.  p.  58a, 
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known  or  determined  degrees  of  heat.  And  To 
thev  couW  not  be  compared  one  with  another ; 
nor  could  the  obfervations  made  by  different  per- 
fons,  and  tn  different  parts  of  the  world,  be  col- 
lated with  any  degree  of  certainty  or  juftnefs  By 
■which  means,  notwithftanding  all  the  very-  nume- 
rous regifters  of  the  weather  that  have  been  kept 
and  publifhed  by  different  authors,  we  are  ftill  zt 
a lofs  to-  determine  the  comparative  differences  of' 
heat  and  cold  in  different  countries  and  climatesy 
and  the  refult  of  many  other  obfervations. 

4.  Had  all  the  Weather-glafles  in  the  world  been 
made  according  to  one  determined  fcale,  thefein- 
ccnvenicncies  and  uncertainties  would  have  been 
prevented ; which  are  now  unavoidable,  and  muff 
dill  continue  fo,  until  every  body  agree  to  gradu-- 
ate  their  Thermometers  in  the  fame  way,  or  at 
lead  determine  fome  fixed  or  unalterable  points  of 
heat,  to  which  all  the  different  fcalcs  of  thofe  in* 
llruments  may  be  reduced. 

5.  The  great  and  truly  honourable  Mr.  Boyle*' 
found  himfelf  very  much  at  a lofs  for  a ftandardj 
whereby  to  meafure  heat  and  cold  : the  common 
inftrumentsfhewinghim  no  more  than  the  relative 
coldnefs  or  heat  of  things,  but  leaving  him  in  the 
dark  as  to  their  pofitive  degrees.  Whence  he  could 
not  communicate  the  idea  of  any  fuch  degree  to 

* Exp.  on  Cold,  Abr.  I.  p.  579. 
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another  pcrfon.  Thermometers  were  then  fuch  in- 
definite and  variable  things,  that  it  feemed  moral’^ 
impoffible  from  them  to  fettle  fuch  a meafure  of 
heat  and  cold,  as  we  have  of  time,  dillance,.  weight, 
drc.  there  having  been  then  no  method  thought  up* 
on  to  compare  together  any  two  diiferent  Thermo- 
meters ; or  the  obfervations  made  by  them.  Now  as 
bodies  are  varioufly  affeded  by  various  heatSyregu- 
larly  undergoing  fuch  and  fuch  changes,  at  fuch  and 
fuch  degreesof  it,fo  the  faircfl  way  to  fix-a  ftandard 
method  of  adjufting  Thermometers  would  feem  to 
be  from  fome  remarkable  change  a body  under- 
went by  the  application  of  a certain  degree  of  heat 
to  it.  In  confequence  of  which,  Mr.  Boyle  propo- 
fed  the  freezing  of  the  cfTential  oil  of  anifeeds  as 
a term  of  beat  and  cold  that  might  be  of  ufe  in 
making  and  judging  of  Thermometers  •,  and  fo  to 
graduate  them  from  this  point  according  to  the 
proportional  dilatations  or  contractions  of  the  in- 
cluded fpirits.  He  mentioned,  too,  the  coldncfs  re- 
quifite  to  begin  the  congelation  of  diftilled  water 
as  another  fixed  term  that  might  be  propofed  j for 
he  was  perfuaded  that  among  the  ordinary  waters 
fome  were  apt  to  freeze  more  eafily  than  others. 
But  the  objections  which  he  apprehended  might 
be  made  to  this  method  feared  him  fo  much,  that 
he  profecuted  no  farther  this  confidcration  of  fix- 
ing a ftandard  for  making  and  graduating  Ther- 
mometers all  in  the  fame  way  : — which  it  is  pity 
one  of  his  genius  and  induftry,  and  affiAed  with 
fuch  opportunities,  did  not  carry  farther  j as  it  is 

of 
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of  fuch  importance  on  a thoufand  occafionsin  the 
hiftory  and  philoiophy  of  Nature. 

6.  The  mgenious  and  acute  Dr.  Halley  ♦ was 
likewife  very  fenGble  of  the  bad  of  that  in- 

definite way  of  conftruiTting  Thermometers ; and 
wilhed  to  have  them  adjuiled  to  fome  determined 
points.  He,  with  Mr.  Boyle,  lays  afide  the  freez- 
ing of  liquors,  as  being,  in  his  opinion,  points  of 
heat  not  fo  juftly  determinable  but  with  a confider- 
able  latitude.  And  what  he  fiiews  the  greateft 
fondnefsfor,  is  the  degree  of  temperntute ; fuch  as 
in  places  deep  under  ground,  where  the  heat  in 
the  fummer,  or  cold  in  winter  have  been  found  to 
have  no  manner  of  influence.  Thus  in  a cave  cut 
ffrait  into  the  bottom  of  a clift  fronting  the  fea  tO’ 
the  depth  of  130  feet,  with  80  feet  of  earth  above 
it,  Mr.  Boyle  f found  the  fpirit  in  the  Thermome- 
ter to  be  raifed  to  the  fame  height  both  in  fummer 
and  winter.  And  Meffrs  Mariotte,  De  la  Hire, 
and  Maraldi  aJGTure  us,  that  in  the  cave  under  the 
royal  obfervatory  at  Paris,  the  heat  continues  al- 
ways the  fame,  fcarcely  altered  by  the  moft  fultry 
fummer  heats,  or  bittereii:  colds  of  that  country. 

But,  with  Dr.  Halley’s  leave,  this  degree  of  iem’- 
peraturc  1 do  not  think  a very  convenient  term  for 
an  univerlal  conftru^fion  of  Thermometers.  t!ve- 
ry  body  cannot  go  to  Mr.  Boyle’s  grotto:  and  it  is 

■*  Phil.  Tranf.  Abr.  IT.  p.  36. 

t Mem.  Ilia,  of  ihc  Air,  Abr.  HI.  p.  54, 
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but  few  who  can  have  an  opportunity  of  making 
obfervations,  and  adjufting  fhermometers  in  the 
cave  of  the  Parifian  obfervatory.  And  we  are  not 
fare  that  other  deep  pits  would  coincide  precifcly 
with  the  temperature  of  thele  places.  Ihe  ditfe- 
rcnce  of  foils  and  different  depths  might  occaiion 
a confiderable  variation. 

7.  Another  term  of  heat  Dr.  Halley  * thought 
might  be  of  ufe  in  a general  graduation  of  Ther- 
mometers, is  that  of  boiling  fpirit  of  •wine.  “ Only 
it  muft  be  obferved,  that  the  fpirit  of  wine  ufed 
“ to  this  purpofcj  be  highly  rectified  j for  otherwife 
the  differing  goodnefs  of  the  fpirit  will  occafion 
it  to  boil  fooner  or  later,  and  thereby  pervert 
« the  defigntd  exadlnefs.”  He  obje£ts,  too,  its  great 
aptnefs  to  evaporate,  and  that  in  length  of  time 
it  becomes,  as  it  were,  effete,  andlofcs  gradually  a 
part  of  its  expanfive  power.  But  truly  this  laff 
mentioned  difficulty,  though  repeated  after  Dr. 
Halley  by  feveral  others,  and  commonly  pretty 
much  infilled  on,  would  feem  to  be  of  no  great 
weight.  Well  redlified  fpirit  of  wine,  if  fealed  up 
in  a glafs,  is  pretty  unalterable.  It  cannot  evapo- 
rate: and  by  many  years  experience  its  force  of 
expanfion  has  continued  the  fame;  as, befide  other 
obfervations,  we  know  efpccially  from  the  annual 
regifters  of  Mr.  De  la  Hire’s  fpirit  Thermometer, 

* Phil.  Tranf.  Abr.  II.  p.  35. 

that 
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that  has  been  kept  in  the  obfcrvatory  above  thefe 
threefcore  years  by -pall.* 

V , 

8.  But  a much  more  convenjent  term  of  heat, 
though  lefs  infixed  on  by  Dr.  Halley,  is  that  of 
boiling  nvaicr.  This  he  found  * to  be  a very  fixed 
and  fettled  degree  of  heat;  and  which,  when  once 
water  has  acquired  it,  cannot  be  increafed  by  any 
longer  continuance  or  length  of  time.  And  this 
point  of  heat  Sir  Ifaac  Newton  and  hir.  Amontons 
were  juftly  very  fond  of  in  fettling  the  limits  of 
their  refpeftive  Thermometers  : wherein  too  they 
have  been  imitated  by  ail  thofe  that  came  after 
them. 

f 

9.  Though  I could  fcacely  find  any  fenfible  dif- 
ference in  various  waters,  differing  confidcrably 
in  weight,  faltnefs,  cleannefs,  ^c.  fo  as  that  Mr. 
Taglini’s  obje<fiion6  f againft  the  fixednefs  of  this 
point  are  of  no  force;  yef  truly  this  heat  oi^ciling 
ivater  is  not  at  all  times  and  places  fo  abfolutely 
fixed  and  invariable,  as  ihoft  people  are  ready  to 
conclude  from  Dr.  Halley’s  and  Mr.'  Amontons’s 
cbfervations.  The  fixednefs  or  volatility  of.  water 
depends  very  much  not  only  on  the  cohefion  of  its 
particles,  but  alfo  on  the  prefiurc  of  the  incumbent 

* Phil.  Tranf.  Abr.  II.  p.  34.  See,  too,  Amontons 
in  Mem.  Acad.  Sc.  1699.  p.  156.  1702.  p.  210. 

t Sec  Mem.  Acad".  Sc.  1730,  p.  714. 
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atmofphert;  * for,  in  a veflel  much  cxhaufted  of 
air,  water  and  other  liquors,  being  freed  of  moft 
of  ihc  ordinary  preflure  they  undergo,  boil  in  a 
very  modd’ate  degree  of  warmtli,  much  below 
what  in  the  open  air  ts-afually  requi'fate  to fet  them  a 
boiling.  And,  agreeable  hereto,  Fahrenheit  atlually 
found  t,  that  water  w,as  capable  of  a greater  or  lefs 
degreeof  heat  in  boiling, ^according  to  the  greater 
or  lefs  weight  of  the  atmofphere,  or  the  greater  or 
lefs  height  of  the, mercury  in  the  barometer.  But 
inordinary  changes  of  the  weather,  the  difference 
is  not  very,  great:};.  And  farther,  we  may  avoid  all 
errors, that  might^rile  from  any  thing  of  that  fort, 
if  we  make  our  obfervations  on  the  heat  of  boiling 
water,  and  adjuftthis  term  of  heat  at  a middle 

* See  Boyle  Phyfico.  Mech.  Exp.  Abr.  II.  p.  473> 
474.  Newton.  Opt.  p.  318. 

f Phil.  Tranf.,  Abr.  \T.  2.  p.  18.  Boerh.  Chem, 

1.  p.  171-  . 

'I  It  is  not  fo  greaf-as  Dr.  Boerhaave,  (Ghem.  1. 
p.  17J.)  in  giving  an'accountof  Fahrenheit’s  obfer- 
vations, reckoned.  In’an  alteration  of  3 inches  in  the 
height  of  the  mercury  in  the  barometer,  he  fays,  the 
boiling  heat  iS  found  to  differ  8 or  9 degrees.  I did 
rot  find  it  fo  very  much  by  the  different  weights  of 
the  atmofphere.'  From  the  experiments  I have  made 
I judge  that, 'by  the  rife  or  fall  of  the  quickfilver  an 
inch  in  th^  barometer,  the  boiling  heat  of  water  va- 
rieth  foraewhat  lefs  than  2 degrees. 

flatft 
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ftate  of  the  atmofphcre  in  places  near  the  level  of 
the  fea,  when  the  mercury  in  the  barometer  ftaiuls 
at  about  30  inches,  or  a very  little  under  it.  And 
the  fame  caution  will  be  neccflary  in  judging  of 
the  heat  of  boiling  fpirit  of  witify  or  of  the  boiling 
heat  of  any  other  liquor. 

10.  It  was  on  this  principle  chiefly  of  the  deter- 
mined fixednefs  of  the  heat  of  boiling  water,  that 
Mr.  Amontons*contrivedhisuniverfal  Thermome- 
ter. It  was  indeed  a pretty  contrivance  : but  it  ne- 
ver was,  nor  never  could  be,  of  univerfal  ufe  ; nor 
could  it  anfwer  the  defign  of  its  ingenious  author. 
Its  conftruclion  is  too  difficult  and  complex  j the 
machine  itfelf  is  too  bulky  and  incumbered  to  be 
eafliy  managed,  or  carried  from  place  to  place. 
And  then  it  is  fuppofed  to  be  fitted  at  a due  tem- 
perature of  the  air,  as  in  the  fpring  and  nutunin  at 
Paris  : which,  befide  that  it  is  in  itfelf  fomething 
too  indefinite,  at  other  times  and  places  we  cannot 
well  be  fure  of.  And  the  air  of  that  temperature 
he  reckoned  to  be  dilated  juft  one  third  by  the  heat 
of  boiling  water.  But  the  dilatation  of  the  air  is 
not  fo  regularly  proportional  to  its  heatj  nor  is  its 
dilatation  by  a given  heat  near  fo  uniform  as  he 
all  along  fuppofed.  This  depends  much  on  its 
moifturef:  for  dry  air  does  not  expand  near  fo 

♦ Mem.  Acad.  Sc.  1702,  p.  204,  6’c. 

•f  Sec  Hlft.  Acad.  Sc.  1708,  p.  15.  Mem.  p.  370. 
Mullohenbr.  Tent.  Exp.  Acad.  Cim.  Add.  p 40.  EfT. 
€e  Phyf.,  § 1402. 
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much  by  a given  heat,  as  air  ftored  with  watry 
particles;  w’hich,  by  being  turned  into  fteam,  in- 
creafe  vahly  the  feeming  volume  of  the  air.  So 
then  as  Mr.  Amontons’s 'rhennoinetcr  is  affedled 
by  all  thefe  and  oth^  inconvenienci^s  *,  it  is  no 
wonder  it  was  imitated  by  very  few,  an<i  never 
came  to  be  of  general  u^fe  in  the  world. 

T I.  From  this  one  determined  point  of  the  heat 
oi  boiling  may,  however,  be  laid  down  a 

general  method  of  conftrudling  Thermometers  all 
in  the  fame  way,  fo  as  that  they  (hall  correfpond 
with  one  another  in  all  the  various  degrees  of  heat. 
It  is,  as  Mr.  Boyle  f propofed  long  ago,  by  mark- 
ing the  degree  of  expanfion  or  contradlion  of  the 
fluid  of  th^  Thermometers,  as  the  heat  applied  is 
cither  greater  or  lefs  than  that  of  boiling  water, 
Suppofing,  for  example,  the  whole  volume  of  this 
fluid  to  confift  of  10,000  parts,  it  is  to  mark  on  the 
tube  where  that  volume  is  expanded  by  heat,  or 
contradled  by  cold,  2,  3 4,  tc.  of  thefe  parts. 
All  -which  may  be  done  at  any  time  by  different 
perfons  and  in  different  places,  fo  as  that  they  fliall 
anfwer  precifely  to  one  another. 

j 2.  This'is  a very  plaufible  method,  and  has  been 
actually  tried  by  fome,  as  we  fliall  afterwards  have 

\ 

* See  Mr.  de  Reaumur  in  Mem.  Acad.  Sc.  1730. 
p.  654. 

f Exp.  on  Cold,  Abr.  I.  p.  579. 
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occafion  to  fee,  and  yet  in  pradtice  it  will  not  be 
found  very  eafy  to  determine  exadlly  all  the  divi- 
fions  from  the  alteration  of  the  bulk  of  the  fluid; 
befide  other  unavoidable  inconveniencies  and  un- 
certainties we  lhall  by  and  by  have  occafion  to  take 
notice  of.  It  is  fufficient,  and  will  be  much  ealier 
and  more  convenient,  in  fettling  an  univerfal  me- 
thod of  conflru£ling  Thermometers,  to  determine 
at  leaft  two  fixed  points  of  heat  at  a confiderable 
diflance  the  one  from  the  other,  and  to  divide  on 
the  tube  or  fcale  the  intermediate  fpace  into  any 
convenient  number  of  equal  parts  or  degrees.  BoiU 
ing  ivnUr^  in  the  circumftances  we  propofed,  we 
juft  now  found  to  be  a pretty  uniform  and  fixed 
degree  of  heat.  And  juft  freezings  \£ 
come  out  alwaj^  the  fame,  will  anfwer  thepurpofe 
moft  readily  of  any  degree  we  could  think  bf. 

! 3.  It  is  true.  Dr.  Halley  * thought  this  to  be  a 
point  admitting  a confiderable  latitude.  And  fome 
have  fufpeded  that  water  freezes  at  different  de- 
grees of  heat  in  different  feafons,  countries  and 
climates.  And  Dr.  Cyrilli’s  obfervations  f would 
feem  to  confirm  it.  At  Naples  he  found  water  to 
freeze  when  his  Thermometer  was  i o degrees  above 
the  freezing  point,  as  it  had  been  conflruded  in 

* Phil.  Tranf.  Abr.  II.  p.  36. 

t Phil.  Tranf.  No.  424,  p.  336.  No.  430,  p.  189. 

434»  P-  407>  4^8-  No.  435,  p.  464, 
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England  by  the  diredions  of  the  Royal  Society. 
And  Father  Martini  * talks  of  the  frofts  in  the 
province  of  Pekin  in  China  as  greater  than  its  lati- 
tude of  42  degrees  woi;ild  induce  one  to  exped,  the 
rivers  being  often  frozen  for  four  months  together, 
(ijc.  And  adds,  that  it  is  furprifing  the  Europeans 
fliould  remain  unalfedeii  by  this  cold,  and  flight 
it  as  unable  to  produce  ice  in  their  quarter  of  the 
tvorld.  From  all  whicli  one  might  be  ready  to  con- 
clude, with  Dr.  Derham  j^,  Prof.  Muflehenbroek  t,. 
and  others,  that  the  farther  north  we  go,  it  takcs=- 
the  greater  degree  of  cold  to  freeze  water.  And 
what  might  ftrengthen  fuch  a fufpicion  is,  that  I 
found  fome  of  the  Dutch  mercurialThermometers 
made  at  Arnlterdam,  in  which  the  freezing  point' 
w'as  marked^ at  gr.  32,  to  be  a degree  or  two  lower 
here  when  immerled  in  thawing  fnow  or  beaten 
ice  beginning  to  melt. 

14.  But  I am  convinced  all  this  Teeming  difference 
flows  from  the  carelcflhefs  of  obfervers,  or  errors- 
of  the  workmen.  Or  what  if  Dr.  Cyrilli  kept  his 
weather-glafs  (hut  up  and  (lieltered  in  a houfe  while 
it  freezed  abroad  ? As  I know  it  is  but  too  ordinary 
with  thofev<!to  pretend  tokeep  regiflertol  the  wea- 
ther. To  fatisfy  m)  felf  in  this  article,  1 took  a very 

* Atlas  Sihenf.  p.  27.  See,  too,  Boyle  Ex.  on 
Cold,  Abr.  I.  p.  377.  Reaumur  in  Mem.  Ac.  be. 
173+  P- =33- 

-j-,  Phil.  Tranf.  ibid.  t Elf.  dc  Phyf.  f 9*3n 
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fair  niethocl  of  inquiring  if  there  was  really  any 
Inch  difl'erence  in  the  cold  of freezing  ivaier  in  dif- 
ferent climates.  1 marked  two  mercurial  Thermo- 
meters here  in  the  latitude  of  56  de».  20  min.  and 
got  a correfpondent  of  mine  to  mark  fome  others 
at  London  in  the  latitude  of  5 r deg.  -^2  min.  all  at 
the  freezing  point  in  fnow  or  powdered  ice  melt- 
ing : and,  upon  e.xchanging  thefe  Thermometers^ 
we  found  them,  when  again  immerged  in  th.twing 
fnow  or  ice,  ftill  to  point  at  the  very  fame  marks 
precifely,  without  the  leaft  obfervable  difference. 
Were  there  any  odds  occafioned  by  the  difference 
of  climates,  would  not  near  5 degrees  of  latitude 
have  Ihewn  it  very  fenfibly  * ? And  at  this  fame 
very  mark  does  the  quickfilver  ftand  in  fuch  thaw- 
ing ice  or  fnow  at  all  fcafons  of  the  year,  in  fum- 
nter  or  winter,  in  cold  weather  or  warm  weather, 
under  a light  or  a heavy  atmofphere,  vc.  From 
whence  1 conclude  the  freezing  point  to  be  a very 
conftant  and  fettled  degree  of  heat,  more  fixed  and 
determined  than  even  that  of  boiling  watery  and 

* The  univerfality  and  fixednefs  of  the  terraof  con- 
gelation I can  now  affirm  with  dill  greater  confidence 
and  certainty  after  the  trials  I lately  made,  not  only 
at  London,  but  at  Paris  in  the  latitude  48  deg.  50 
min  and  Dijon  In  the  latitude  47  deg.  20  niiu.  by 
which  I found,  that  precifely  the  fame  degree  of  cold 
was  requifite  to  freeze  water  in  Burgundy  and  in  the 
llle  of  France,  as  in  our  northern  climates. 
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COiifcc][uently  very  fit  to  be  one  of  the  bxed  limits'' 
in  adjufting  our  Thermometers. 

- 15.  The  fixednefs>then  of  the  freezing  pointy  T' 

think  we  may  take  for  granted,  and  fufiiciently 
edablUhed  by  thefe  obfcrvations,  noiwithltanding 
what  Profeflbr  Tasini  rfiay  have  laid  to  the  con- 
trary, and  the  unnecefi'ary  conceffions  Mr.  De 
Keaumur  thought  fit  to  make  on  that  head’^-,  and 
the  obfcrvations  adduced  by  Dr.  Muflchenbroek'l', 
by  which  he  would  prove  the  freezing  of  ’icatcr  \.o 
begin  in  various  degrees  of  cold,  depending  on 
fome  faline  additional  mixture  from  the  air.  All 
■which  may  be  allowed  to  fliew,  that  in  fome  places 
and  circumftances  water  freezes  more  or  lefs  eali- 
ly,  though  the  degree  of  cold  in  this  a6l  of  natu- 
ral freezing  be,  for  any  thing  we  can  perceive,  ia 
all  pretty  nearly  the  fame. - 

16.  The  cold  of  •water  beginning  to  freeze^  or,, 
■which  is  the  lame  thing,  of  ice  beginning  to  meli\, 
is  fuch  a convenient  fixed  point,  fuch  a remarkable 
period  of  heat  and  cold,  and  withal  fo  ealily  de- 
termined by  emerging  the  bulb  of  the  Thermome- 
ter in  thawing  Inow  or  ice,  that  it  is  lurprifing  in  ■ 
few  have  taken  it  into  the  fcale  of  their  Thermo- 
meters, that  theirs  might  be  the  better  compared 

* Mem.  Acad.  Sc.  I73®>  P*  7*^* 
f Tent.  Acad.  Cim.  Add.  p.  184,  185.  ElT.  dc 
Phyf.  f 913,  tc. 
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with  other  peoples  obfervations.  We  are  not  ab- 
folutcly  furc  even  of  this  part  of  the  fcale  of  the 
Florentin  weather-glafles.  And  tlie  French  have 
not  yet  precifely  determined  the'  freezing  point  in 
Mr.  L)e  la  Hire’s  flandard  Thermometer  of  the 
Obfervatory,  by  which  the  regifter  of  the  weather 
has  been  fo  very  long  kept;  and  with  which  they 
fometimes  compare  other  obfervations  : and  moil 
of  the  other  obfervations  of  the  weather,  both  in 
the  Memoirs  of  the  Academy  of  Sciences  and  in- 
the  Tranfaftions  of  the  Royal  Society,  are  done 
withTliei  mometersfo  negligently conftrn£led,  that 
we  are  left  altogether  uncertain  of  their  degrees  of 
heat : moft  of  thofe  that  have  the  freezing  point 
marked  on  them  having  it  very  erroneoufly  gra- 
duated, and  alfo  having  no  other  determined  or 
known  period  of  heat;  and  fo  coming  to  be  as  ir> 
definite  and  uncertain  as  the  others. 

17.  The  great  Sir  Ifaac  Newton  thought  the  fet- 
tling the  degrees  of  heat  and  cold  well  worth  his 
notice;  and,  as  he  carried  every  thing  he  meddled^ 
with  beyond  what  anybody  had  done  before  hiniy 
and  generally  with  a greater  than  ordinary  exatft- 
nefs  and  preciilon,  fo  he  * laid  down  a method  of 
adjufting  Thermometers  in  a more  definite  way  than 
had  been  done  hitherto.  We  have  already  f found 

' Phil.  Tranf.  Abr^  IV.  2.  p.  i, 
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it  ncceflary,  at  lead  convenient,  to  fix  on  two  de- 
termined periods  of  heat  to  make  up  an  intelligible 
fcalc  of  its  various  degrees.  We  have  likewife* 
found  nvater  freezing  and  water  boiling  to  be  in 
two  points  of  heat  very  convenient  tor  luch  a pur- 
pole.  And  thafc  are  the  very  degrees  of  heat  he 
pitched  upon.  Ther  liquor  he  ufed  was  Lintfeed 
Oil,  a homogeneous  fluid  enough,  and  capable  of 
a confiderable  rarefadtion,  and  not  having  been  ob- 
ferved  to  freeze  even  in  very  great  colds,  and  able 
to  bear  a great  heat  without  boiling.  Suppofing 
the  bulb  when  immerged  in  thawing  juow  to  con- 
tain I OjOCO  parts,  he  found  the  oil  expanded  by  the 
heat  of  the  human  body  fo  as  to  take  up  more 
fpace,  01  10^256  luch  parts;  and  by  the  heat  of 
water  boiling  ftrongly  10,725  ; and  by  the  heat  of 
melting  tin  1 1,5  16,  beyond  which  he  did  not  carry 
his  oil  Thermometer.  So  that,  reckoning  the 
freezing  point  as  a common  limit  between  heat  and 
cold,  he  began  his  fcale  there,  marking  it  gr.  o; 
and  the  heat  of  the  human  body  he  made  gr.  12  ; 
and  confequently  the  heat  of  boiling  water  was  ex- 
prefled  by  gr,  34=  - melting  tin  by 

18.1  wifli  the  world  would  have  received  this  or 
any  other determinedfeale  foradjufting  theirTher- 
moraeters.  But  I fuppofe  they  might  be  apprehen- 
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five  of  Tome  inconveniencies  in  this  fehetne.  Befide-* 
fome  inconfideraWe*  arithmetical  errors  in  Sir' 
Ifaac’s  paper,  and  fome  few  not  accurately  enough 
made  obfervationsof  no  great  moment,  they  would'- 
alledge*,  that  he  had  exprelTed  himfelf  as  if  hehadl 
thought  the  point  of freezing-  water  to  be  the  low- 
ed degree  of  heat.  And  indeed  he  has  not  men-- 
tioned  any  winter  cold  beyond  that;  though,  as  we  ‘ 
fhall  take  notice  on  another  occafion,  we  fometimes* 
experience  vaftly  intenler  colds-:  in  confequence  of ; 
which,  it  would  be  cafy  to  protraidSir  Ifaac’s  fcale  ' 
downward  below o, or  the  freezing  point,  and* 
fo  to  make  it  as  ferviceable  in  common  ufc,  even  * 
for  great  degrees  of  cold,  as  other  Thermometers.  • 

But  there  is  another  difficulty  which  will  hold  in  > 
all  oil  Thermometers,  or  any  made  with  a vifeid  i 
liquor,  that  it  adheres  too  much  to  the  fides  of  the 
tube.  In  a hidden  cold  or -fall  of  the  oil,  a good’ 
deal  dicks  by. the  way;  and  only  finks  gradually 
after,  fo  that  at  fird^the  furface  appears  really 
lower  than  the  prefent  temperature  requires.  And  i 
befide,  as  at  all  times  fome  mud  continue  to  dick . 
and  moiden  the  infide  of  the  tube,  in  different  de- 
grees of  heat  and  cold,  the  oil  becoming  alternate-  - 
ly  more  or  lefs  vifeid,  will  adhere  fornetimes  more 
and  fornetimes  lefs;  and  therefore  will  inevitably 
didurb  the  regularity  and  uniformity  of  the  Ther-- 
mometer. 

* See  Amontons  in  Mem.  Acad.  Sc.  1703.  p.  233.'. 
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19.  The  Florentiu  Thermometers  made  with 
fpirit  of  wine  were  by  no  means  fo  liable  to  errors 
of  this  kind.  The  fpirit  indeed  muft  moiften  the 
iniuie  of  the  tube  ; bi^t  as  this  is  fo  very  thin  a li- 
quor, it  is  probable  that  moiftening  is  always  pret- 
ty uniform,  and  extremely  thin  j fo  as  that  it  can 
have  no  other  eft'etibut  fo  render  the  tube  a very 
little  narrower.  And  fo  truly  reaihed  fpirit  of  wine 
has  been  more  ufed  in  Ehermometers  than  any 
other  liquor.  It  is  very  ticklilh,  is  eafily  and  very 
much  affcaed  by  heat  and  cold  ; nor  does  it  foon 
gather  air  bubbles,  as  watry  fluids  are  ready  to  do 
even  in  no  very  great  heats.  But,  as  we  faid  before% 
thofe  fpirit  Thermometers  did  not  ufe  to  be  redu- 
ced to  a fixed  flandard.  At  length  Mr.  De  Reau- 
mur-}- has  irya  very  ingenious  way  attempted  to  efta- 
blilh  a general  conftru6lion  of  fuch  Thermometers, 
which  might  be  copied  at  all  times,  and  in  all  coun- 
tries : and  lo  to  fettle,  as  it  were,  a general  cor- 
refpondcncc  of  obfervations  that  Ihould  be  made 
by  fuch  inflruments.  He  adjufted  his  Thermome- 
ter to  the  freczi?ig  point  by  an  artificial  mixture  : 
and  then,  immerging  it  in  boiling  'water ^ found  hov/ 
much  it  was  dilated  by  that  heat,  in  the  way  Sir 
Ilaac  Nev\  ton  had  managed  his  oil  Thermometers. 
The  quantity  of  Ipirits  in  his  glafs  he  fuppofed  to 
be  1000  parts  j and  he  found  to  the  bulk  of  how 


* § 3»  4»  '<5. 

\ Mem.  Acad.  Sc.  1730.  p.  645,  6c. 
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many  of  thefe  parts  the  liquor  was  dilated  by  that 
boiling  heat.  The  ftronger  the  fpirits,  this  dilata- 
tion is  found  always  the  greater.  The  befV  fpirit 
of  wine  commonly  fold,  from  this  artificial fretzing 
oj  water,  to  that  boiling  heat,  was  dilated  874.  of 
thofe  parts  * : and  a mixture  of  fuch  a ftrong  fpi- 
rit and  water  in  equal  proportions  (which  would  be 
about  the  ftate  of  common  brandy)  was  expanded 
only  624  fuch  parts  f.  He  fpeaks  too  of  a fpirit 
fo  ftrong  as  to  have  the  dilatation  of  90  in  its  boil- 
ing heat\.  But  what  he  judged  moft  convenient 
for  his  ordinary  Thermometers  was  a fpirit  of  fuch, 
a degree  of  hrength  as  in  the  above  period  of  heat 
to  be  dilated  juft  80  of  thefe  1000  parts**. 

V 

20.  This  intimation  of  Sir  Ifaac  Newton  with 
fpirit  of  wine  inftead  of  oil  is  a promiling  enough 
method  of  making  a fettled  ftandard  fcale  for. 
Thermometers  ; and  accordingly  one  of  them  con- 
ft-riufted  by  Mr.  De  Reaumur  himfelf  is  now  placed 
in  the  Royal  Obfervatory  at  Paris;  and  a journal 
kept  of  the  weather  by  it.  And, others  conftru6led 
in  the  fame  way  have  been  fent  to  different  quar- 
ters of  the  world,  to  compare  the  degrees  of  heat 
of  different  climates  : a project  long  ago  of  the 
great  Colbert’s  4,  but  never  till  now  fatisfaiftorily. 

*■  Mem.  Acad.. Sc.  1730.  p.  690.  f Ibid.  p.  692.,, 

4 Ibid.  1734.  p.  261. 

**  Ibid.  1730.  p.  697,  698.  and  fig.  8. 

4 See  Mem.  Acad.  Sc.  1702.  p.  209. 
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executed.  Obfervations  have  been  made  with  them 
in  the  Torrid  Zone.  And  the  French  Academici- 
ans had  them  in  their  philofophical  embaiTy  to  the 
north,  for  determining  the  figure  of  the  earth. 
And  yet  l am  afraid  thefe  Thermometers  are  con- 
firu£fed  on  principles,  that  will  by  no  means  be 
found  fo  accurate  as  were^o  be  wilhed  and  expell- 
ed in  fuch  a cafe.  Mr.  De  Reaumur  * determines 
his  freezing  point,  not  from  thawing  fnow  or  /Vr, 
but  from  an  artificial,  congtlation  of  water  in  warm 
weather.  And  as  he  f ufes  very  large  bulbs  for 
his  glafles,  it  may  be  3 or  4 inches  in  diameter,  I 
am  apt  to  think  that,  before  the  due  temperature 
of  the  furrounding  ice  can  be  thoroughly  propa- 
gated to  the  whole  contained  fpirits,  it  will  be  quite 
melted  do^n  again  ; and  fo  the  freezing  point 
marked  much  higher  than  what  it  fhould  be  J. 
He  indeed  ff  fpeaks  of  a quarter  of  an  hour  as  fuf- 
ficient  to  bring  the  contained  fpirit  to  the  tempera- 
ture of  the  ambient  medium*  But  as  far  as  I can 
judge  from  my  obfervations  (and  many  I have  made 

* Mem.  Acad.  Sc.  1730,  p.  655,  656,  680,  68/, 
7/2. 

f Ibid.  p.  660,  710. 

f From  collating  fome  obfervations  together,  I 
reckon  Mr.  De  Reaumur’s  mark  of  freezing  water, 
Jnftead  of  coinciding  with  Fahrenheit’s gr.  32,  as  it 
fhould  do,  to  correfpond  with  gr,  34.  or  a little  above 
rit. 

1 Ibid.  p.  7 1 1- 

on 
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on  this  fubjea),  It  would  rather  take  fome  hours  to 
penetrate  thoroughly  fuch  a great  bulk  of  any  li- 
quor, and  reduce  it  fully  to  its  own  degree  of  heat. 
And  fo  Thermometers  of  great  bulbs  can  never  be 
iifed  with  fuccefs,  or  trufted  to  in  common  expe-  ' 
riments  of  the  heat  of  bodies,  or  obfervations  of  , 
the  weather : as  we  may  be  fatisfied  by  collating 
the  fcveral  obfervations  in  the  Royal  Obfervatory  ^ 
made  with  De  la  Hire’s  and  De  Reaumur’s  Ther-  i 
mometers,  which  at  different  times  I find  to  qua- 
drate very  ill  together,  juft  I fuppofc  from  that  caufc 
of  the  different  fizes  of  their  bulbs  *.  For  large 
bulbs  can  never  be  fo  quickly  influenced  by  great 
and  fudden  variations  of  heat  and  cold, 'as  to  make 
thefe  changes,  if  they  laft  but  a fliort  while,  fuffici- 
ently  remarkable,  or  to  fhew  their  real  and  full 
quantities.  Small  bulbs  and  fmall  tubes  are  (not- 
withftanding  the  imaginary  faults  and  difficulties 
ftarted  againft  them  by  Mr.  De  Reaumur  f)  vaftly 
more  convenient,  and  may  be  conftrudled  fufti- 
ciently  accurate.  I have  them  made  with  capillary 
bores  that  correfpond  almoft  precifely  to  one  ano- 
ther in  all  degrees  of  heat ; and  confequently  muft 
be  allowed  to  have  all  the  exadlnefs  that  can  be  . 
imagined  or  defired  in  fuch  inftrumcnts. 


* The  diameter  of  the  bulb  of  Mr.  De  Reaumur’s 
I found  to  be  about  3-^  inches ; while  the  other  was 
Icfs  than  2 inches. 

t Mem.  Acad.  Sc.  1730.  p.  650,  656,  659. 
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21.  But  if  v/e  cannot  tnift  toMr.  De  Reaumur’s 
jtcint  of  coftgelatiorij  what  fhall  we  fay  to  his  other 
fixed  term,  to  wit,  th«  heat  of  boiling  njuater  P This, 
1 humbly  think,  is,  under  !iis  management,  ftill 
more  vague  and  uncertain.  As  water,  were  it  fur- 
rounded  by  melted  tin,  though  it  would  boil  and 
foam,  and  fuffervery  great  agitation,  is  yet  incapable 
of  being  warmed  beyond  its  ordinary  great  boiling 
heat,  and  continues  always  much  colder  than  melt- 
ed tin ; juft  fo,  as  I experienced  upon  trial,  fpirit 
of  wine,  though  immerged  in  boiling  water,  can 
never  acquire  near  fuch  a great  heat,  but  keeps  al- 
ways a goo;l  deal  under  it,  though  bubbling  and 
foaming,  and  tofled  to  a very  great  degree.  The 
fpirit  then  in  the  Thermometer  is  abfolutely  in- 
capable of  fuch  a great  heat  as  Mr.  De  R.eau- 
mur  aferibed  to  it ; and  that  not  by  a fmall  or 
trifling  difference.  I find  highly  re£lified  fpirit  of 
wine  cannot  be  heated  beyond  gr.  175,  or  fo,  in 
Fahrenheit’s  Thermometer,  while  boiling  water 
raifeth  the  quickfiker  37  degrees  higher:  and 
common  brandy  was  able  to  conceive  a heat  no 
greater  than  about  gr.  190.  So  far  was  Mr.  De 
Reaumur  in  the  wrong  when  he  thought  that  all 
fpirits,  weak  and  ftrong,  immerged  in  boiling  ^'a-. 
/cr  received  a given  degree  of  heat,  and  that  equal 
to  the  heat  of  the  furrounding  water,  I fuppofe 
his  ftandard  fpirit  could  take  on  a heat  of  about 
gr.  180;  lefs  by  32  degrees  than  what  he  reckon- 
ed. 
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22.  Befide  all  this,  I truly  think  fpirit  of  wine, 
though  good  enough  for  ordinary  weather-glafles 
in  temperate  climates,  is  yet  not  fo  fit  a fluid 
whereof  to  make  flandard  Thermometers.  It  is 
incapable  of  bearing  very  great  heats,  or  very  great 
colds.  It  boils  fooncr  than  any  other  liquor  j and 
though  it  keeps  fluid  in  pretty  ftrong  colds,  yet  it 
would  feem,  from  fome  experiments,  that  it  does 
not  condenfe  very  regularly  in  them ; and  at 
Torneao  near  the  polar  circle,  the  winter  cold  was 
fo  violent,  that  the  fpirits  were,  frozen  in  all  their 
Thermometers*.  So  that  the- latitude  of  heat 
fpirit  of  wine  is  capable  of  exprefling,  is  by  much 
too  limited  to  be  of  very  great  or  univerfal  ufe. 

23.  What  fluid  then  fhall  we  take  for  our  Ther- 
mometers? We  have  found  inconveniencies  in  air, 
oil,  and  fpirits  j and  water  is  more  exceptionable 
than  any  of  them.  We  have,  it  feems,  nothing 
left  but  quickfilver.  This  is  a very  moveable  and 
ticklifh  fluid  ; it  both  heats  and  cools  fafter  than 
any  liquor  we  know,  or  have  had  occafion  to  try ; 
fafler  I am  fure  than  water,  oil,  or  even  fpirit  of 
wine  i it  never  freezes  by  any  degree  of  cold  hi- 
therto obferved,  and  bears  a great  deal  of  heat 
before  it  arrives  at  a boiling  expanfion,  and,  if 
well  purified,  does  not  wet  or  Hick  to  the  infide  of 

* See  de  Maupert.  Fig.  de  la  Terre,  p.  58. 
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the  tube.  Dr.  Halley  *,  though  apprifed  but  of 
feme  of  thefe  remarkable  properties,  thought  it  a 
fluid  very  fit  for  Thermometers,  were  but  its  ex- 
panfion  more  confidcrablc.  ^ However,  as  any  in-- 
convenience  arifing  from  this  confideration  may  be 
avoided  by  making  the  bulb  have  a great  propor- 
tion to  the  tube,  fo  it  is  now  very  dcfervedly  come 
to  be  in  the  greateft  ufe  in  the  Thermometers  that 
people  would  mofi  trufl  to.  It  is  faidf,  that  they 
were  firft  contrived  by  that  curious  mathematician- 
Olaus  Roemer.  Mr.  Fahrenheit  in  Amllerdam, 
and  other  workmen  in  that  country,  maiiufa£lured' 
very  many  of  them,  and  that  in  a portable  and 
mighty  coi>venient  form  for  many  purpofes,  making 
them  very  fmall,  and  inclofing  the  tube  in  another 
glafs  hermetically  fealed.  From  Holland  they  were 
dillributed  into  different  quarters  of  the  world, 
and  have  been  imitated  in  fome  other  places.  An<1 
now  they  are  made  no  where  in  greater  perfeflion, 
or  with  greater  exaiStnefs,  than  by  our  country- 
man Wilfon  at  London, 

24.  As  Roemer’s  or  Fahrenheit’s  fcale  is  conve- 
nient enough,  I wifli  it  were  univerfally  kept  and 
ufed,  to  preferve  an  uniformity  in  our  obfervations ; 
and  fo  that  every  body,  when  they  fpeak  of  e.xpc- 
riments  wherein  the  heat  of  bodies  was  adjuited. 


*'  Phil.  Tranf.  Abr.  II.  p.  34. 

f Sec  Boerh.  Chem.  I.  p.  72c, 
C 2 
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or  pretended  to  be  obferved  by  Thermometers-, 
were  to  have  tire  Tame  language  j and  fo  be  uni- 
verl'ally  undcritood. 

In  this  Thermometer  the  bulb  isfuppofed  to  con- 
tain, as  Dr.  Boerhaave*  and  Dr.  Muirchenbroek  f 
tell  us,  11,124  parts  of  quickillver,  which  Hands  at 
the  lowell  mark,  or  gr.  o,  in  a very  intenfe  intole- 
rable cold,  being  furrounded  witli  a mixture  of 
Inow  or  beaten  ice  and  fal  ammoniac  or  fea-faltif. 

If  the  fame  bulb  be  immerged  in  fnetu  or  ke 
thmving  naturally,  or  in  loaier  beginning  to  freezsi, 
the  quickillver  is  dilated,  and  fo  rifes  in  the  tube 
;^2  ol  thefe  1 1,124  parts;  and  therefore  the  fpacc 
of  the  tube  from  gr^  o to  the  freezing  point  gr.  32* 
is  divided  into  thefe  32  equal  parts  1|. 

AVhen  the  Thermometer  is  placed  in  water 
brought  to  llrong  boilings  (the  atmofphere  being  in 
the  condition  formerly  mentioned**^,)  the  quickfil- 
ver  is  dilated  21 2 of  thefe  parts  beyond  its  original 
bulk  of  1 1,124,  fo  as  now  to  polTefs  in  the  bulb 
and  tube  together  a fpace  equal  to  11,336  fucU 
parts ; and  the  fpace  from  gr..  3 2 to  gr.  2 1 2,  is  di- 
vided  into  1 80  equal  parts  or  degrees  of  the  Ther- 
mometer f-}-;  which,  if  the  tube  be  long  enough, 

* Chem.  I.  p.  ,74.  I Eff.  de  Phyf.  §.  ^48. 

t I'ahrenh.  in  Phil.  Traiif.  Abr.  VI.  2.  p.  52^ 
MufTchenbr.  Diin  t'hyf.  p.  68c.  E/T.  de  Phyf.  § 
il  Fahrcnh.  in  PhiLTranf  Abr.  VI.  2.  n C2 

tt  Fahrenh.  in  Phil.  Tranf.  Abr.  VI.  2.  p.  18,  52. 
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may  be  protra£led  as  far  as  is  convenient.  It  may 
go  well  enough  to  gr.  600,  and  not  much  farther;  - 
for,  with  a heat  but  little  greater  than  that,  the 
mercury  begins  to  boil.  ^ 

25.  Dr.  Boerhaave  Is  not  always  quite  confident  t 
with  himfelf  in  his  accounts  of  the  number  of  parts 
into  which  the  mercury  in  the  bulb  is  fuppofed  to  * 
be  divided.  In  another  place  inftead  of  1 j , 1 24,  v 
he  reckons  only  10,782,  and  afterwards  f he  raifes  • 
it  to  1 1,520,  (which  I take  to  be  nearer  the  truth),  - 
and  yet  ftill  fpeaks  of  a given  heat  as  expanding 
the  quickfilver  the  fame  number  of  parts  as  in  the 
other  fuppqtation.  Which  of  his  fuppoGtions  is 
right,  I <am  not  abfolutely  fure  of  before  making 
trial,  nor  need  we  much  to  care:  for,  without  all 
that  a/)/»<trflft/j-',Ihumblythinkthe  eafieft  and  fureft 
way  too,  and  what  in  practice  I have  followed,  is 
not  to  be  folicitous  about  the  bulk  of  the  quickfil- 
ver^  but  to  fill  the  bulb  and  tube  fo,  as  that  in 
freezing  water,  or  melting  ice,  the  mercury  fiia’l 
Rand  at  a convenient  height,  which  muft  be  very, 
nicely  marked  gr.  32,  and  then  as  accurately  to 
obferve  where  it  ftands  when  dilated  by  the  heat  ot 
boiling  water  to  gr.  2 1 2.  The  intermediate  fpac: 
is- then  divided  into  1 80  degrees;  which  fcale  mar 
be  protradted  upwards  and  downwards  as  far  as  we 
Ihall  judge  convenient.  In  the  conflrudlion  of 


* Chem.  I.  p,  165. 
f Ibid.  Expl.  Tab.  V.  fig.  3. 
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thefe  Thermometers  the  two  great  limiting  or  fixed’ 
points  being  freezing  ivater  and  boiling  •water  ; 
which  we  found  to  be  the  moft  convenient  periods-, 
of  heat  for  adjufling  thefe  inftruments. 

26.  Indeed  in  all  this  we  have  fuppofed  the  bore 
of  the  tube  to  be  perfe£lly  cylindrical ; which  can-- 
not  always  be  obtained.  But  though  it  be  taper-- 
ing,  or  fomcwhat  unequal,  it  is  eafy  to  manage" 
that  matter,  by  making  a fmall  portion  of  the 
quickfilver,  as  much,  for  example,  as  fills  up  a- 
half,  or,  if  you  pleafe,  a whole  inch.  Aide  back- 
ward and  forward  in  the  tube;  and  by  this  means’ 
to  find  the  proportions  of  all  its  inequalities,  and 
from  thence  to  adjuft  your  divifions  to'a  fcale  of 
the  moll  pcrfeft  equality. 

27.  The  conceiving  the  bulk  of  the  contained 
mercury  at  the  beginning  of  the  fcale  to  be  either 
10,782,011 1, 124, or  1 1 ,52o,or,asfguefsit  fhould 
be,  near  11,790  parts,  and  its  expanfion  from 
thence  by  the  heat  of  boiling  water  to  be  212  of 
thefe  parts,  was,  to  be  fiire,  a divifion  originally 
quite  arbitrary.  And  I confefs  there  might  have 
been  a more  convenient  one  fixed  upon  at  firft,  and 
adopted  yet,  if  this  were  not  now  lo  univerfally 
known  and  ufed ; and  Thermometers  conftru£ted 
in  that  form  every  where  fcattered  up  and  down, 
and  in  the  hands  of  mofi  of  the  Virtuofi  in  Eu- 
J-ops.  I fhall  readily  allow  that  Mr.  De  P Ifle»s  at 

F elcrlbupgh,. 
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Teteriburgh,  might  have  had  a greater  look  of  fim- 
plicity.  * In  his  the  whole  bulk  of  quickfilver, 
when  immerged  in  boiling  water ^ is  conceived  to 
be  divided  into  10,000,  or  rather  100,000  parts  ^ 
and  from  this  one  fixed  point  the  various  degrees 
of  heat  either  above  or  below  it  are  marked  in  thefo 
parts  on  the  tube  or  fcale,  by  the  various  expanfion 
©r  contraction  of  the  quickGlver  in  all  the  imagin- 
able variety  of  heat.  « As  pure  mercury,”  fays  he, 
« is  of  the  fame  nature  every  where,  nor  is  liable 
« to  any  alteration  from  being  inclofed  in  a tube  j 
“ and  as  it  is  probable  that,  taking  it  equally  puri- 
fied,  it  will  in  different  countries  be  fubjedt  to 
« the  fame  expanfion,  if  expofed  to  the  fame  de- 
gree  of  heat  *,  for  this  reafon  he  is  perfuaded 
**  thefe  Thermometers  may  very  well  ferve  to 
**  compare  the  temperature  of  different  coun- 
« tries.”  And  indeed  fuch  a conllruClion  bids 
fair  for  being  a very  good  llandard  method  for 
graduating  Thermometers  all  in  the  fame  way  ^ and 
is  much  lefs  liable  to  uncertainties  than  that  fimilar 
one  of  Mr.  Dc  Reaumur,  whereof  we  have  already 
given  an  account f.  However,,  if  Mr.  De  Tlfle 
had  pleafed,  I cannot  but  think  it  would  have  been 
rather  fomething  better  to  have  made  the  integer  of 
100,000  parts,  or  fixed  point,  at  freezing  water; 
and  from  thence  to  compute  the  dilatations  or  con- 


* Phil.  Tranf.  N.  44T.  p.  222. 
§.  19,  20,  21. 


denfations 


32  The  CoKSTROCTiOK  and  Graduation 

dcnfations  of  the  quickfilvcr  m thofe  parts.  All- 
the  common  obfcrvations  of  the  weather,  ^c,- 
would  have  been  expreficd  by  numbers  incrcafing . 
as  the  heat  increafed ; which  furcly  is  the  more  na- 
tural way.  Nor  would  there  have  been  great  in- 
congruity or  inconvenience  In  eiprefling,  after  the : 
manner  of  Mr.  De  Reaumur,  the  few  obfcrvations  % 
we  have  below  fimple  freezing  by  numbers  of  con-- 
traftion  below  gr*  o,  or  1 00,000.  - 


a8.  But,  as  I faid -before*,  however  promIfing» 
in  theory  fuch  a fcheme  may  appear,  it  will  not  inx 
practice  be  found  very  eafy  to  determine  exadly  all  - 
the  divifions  from  the  alteration  of  the  bulk  of  the ' 
contained  fluid..  And  befide,  as  glafs  itfelf  is  di-- 
lated  by-heat,  though  in  a lefs  proportion  than  < 
quickfilver,  fo  that  it  is  only  the  excefs  of  the  di-- 
latation  of  the  contained  fluid ‘above  that  of  the 
glafs  that  is  obfervable ; if  different  kinds  of  glafs  s 
be  differently  affeacd  by  a given  degree  of  - heat, 
th  is  will  make  a feeming  difference  in  the  dilatations  . 
of  the  quickfilver  in  the  Thermometers  conftruaed  i 
in  the  Newtonian  method,  either  by  Mr.  De  Reau-- 
mur’s,  or  Mr.  De  ITfle’s  rules.  Now  Dr.  Boer- 
haavef,  from  Fahrenheit’s  obfcrvations,  fpeaks  off 
different  kinds  of  glafs  as  very  differently  affe^ed  ^ 
by  heat.-  And  upon  inquiry  I was  informed  that  • 
Dr.  Muffehenbroek  found  by  his  Pyrometer,  that 

* ^ *2*  t.Chein.  I.  p.  141. 
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tubes  of  different  forts  of  glafs  were  varioufly  af- 
tecled,  fome  more,  feme  lels,  by  the  fame  degree 
pf  heat.  Erom  whence  thermometers  conltru6ted 
of  fuch  different  forts  of  glafe  would  neceflarily 
make  the  feeming  dilatation  of  the  contained  fluid 
appear  at  different  degrees  in  the  very  fame  point 
of  heat.  And  accordingly  Mr.  Campbell,  an  Inge-' 
nious  and  worthy  member  of  the  Royal  Society, 
has,  by  experiments  made  with  all  imaginable  ex- 
aclnefs  and  fcrupulofity,  found,  in  thermometers 
conftrudted  in  Mr.  De  I’lfle’s  way,  the  quickfilver 
to  hand  at  different  degrees  of  the  fcale  when  im- 
nierged  in  thawing  fnow.  In  fome  it  was  at  gr. 
154,  in  others  at  i^dyand  in  another  at  158  : and 
emptying  the  tubes,  and  preparing  them  again,  and 
that  fometimes  with  other  mercury,  he  always, 
even  in  a great  many  trials,  found  the  refult  come 
out  the  very  fame.  So  careful  and  exadb  had  he 
been  that  tlie  fame  tubes  give  always  the  fame  de- 
grees of  dilatation  as  nearly  as  could  be  expeaed 
in  fuch  nice  and  fubtile  experiments.  One  of  Mr. 
De  ril|e’s  own  Thermometers,  which  I tried  very 
carefully,  gave  me  always  the  quickfilver  at  about 
gr.  150.  In  another  of  his,  where  on  the  one  fide 
he  has  put  Fahrenheit’s  fcale,  I lee  gr.  32  over  a- 
gainll  his  own  gr.  1484-  In  one  conftruaed  by 
Mr.  De  Monierat  Paris,  on  De  I’iffe’s  principles,  I 
faw  the  tenne  de  congelat'mi  put  down  at.gr.  148. 
Nay,  by  Mr.  De  I’lfle’s  own  accounts,  1 find  his 
wcathcr-glafles  difagrecing  confiderably  from  one 

another. 
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another.  So  uncertain  and  precarious  would  this.; 
way  of  conftrudting  Thermometers  feem  to  be.. ' 
From  all  which  I humbly  think  that  it-  is  better 
and  more  convenient  to  drop  this  method  altogc-^ 
tber,  and  to  fix  on  two  points  of  heat  at  a confi-, 
derable  diftance  the  one  from  the  other;  and  to. 
divide  the  intermediate  fpace  of  the  tube  into  a- 
convenient  number  of  equal  parts  or  degrees  : as- 
we  juft  now  propofed  * to  be  done  in  our  imita^ 
tions  of  Rocmer’s  or  Fahrenheit’s  '1  hermometers. 

29.  To  enlarge  our  views  of  heat,  and  to  enable 
tis  to  compare  other  Thermometers  with  thefe,. 
(which  after  this  I wifh  were  always  to  be  the  - 
flandard],  it  would  not  be  amifs  to  obferve  a great  ' 
many  remarkable  periods  of  heat  and  cold  that.^ 
have  been  taken  notice  of  by  others,  and  to  deter- 
mine where  they  fall  on  Fahrenheit’s  fcale.  We 
fhould  determine  about  what  degrees  on  it  the  fe- 
veral  forts  of  weather  are  marked;  the  various  dc-  ^ 
grees  of  animal  heat ; what  degrees  of  heat  reduce  1 
fuch  and  fuch  confiftent  bodies  into  a fluid  ftate;^  ! 
the  quantities  of  heat  required  to  boil  the  fluids 
we  have  occafion  to  try,  But  the  comparing 
the  different  Thermometers  which  have  been  in 
ufc  m the  world,  and  the  determination  of  the- 
various  degrees  of  heat  in  bodies,  make  fruitfuh, 

enough  fubjeas  for  other  curious  and  ufeful  in-^ 
<iuiries. 


^ 24,  25,  26, 
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Towards  comparing 
Different  THERMOMETERS 

WITH  ONE  ANOTHER, 

WE  had  occafion  formerly  to  take  notice  of 
the  great  uncertainty  of  thermomctrical 
obfervations,  by  reafon  of  the  vague  and  inconflant 
way  that  people  had  of  making  their  inftrumenls. 
However,  it  will  be  worth  while  narrowly  to  in- 
i^uire,  as  far  as  our  lights  can  tarry  us,  into  the 
principles  on  which  they  were  conftrufled*,  and  if 
we  can  find  out  theie  principles  fo  as  to  compare 
the  old  Thermometers  with  any  regular  one  we  are 
well  acquainted  with,  W'e  fliall  recover,  as  it  were, 
the  loft  obfervations  of  otar  predeceflbrs ; loft  for 
want  of  knowing  the  meaning  of  their  numbers 
and  graduations.  And  then  obfervations  made  at 
difl'erent  times  and  places  by  any  known  inftru- 

D ments 
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rnents  will  be  no  longer  ufelefs  memorandums. 
^V'e  fliall  be  able  to  compare  them  with  one  ano- 
therj  and  with  our  own  obfervations,  and  with  the 
degrees  of  heat  we  are  acquainted  with. 

1.  As  Saneforio  feems  to  be  the  fiifft  who  had  a 
notion  of  meafuring  the  various  degrees  of  heat 
by  the  dilatation  of  bodies,  people  will  be  apt  to 
expe£l,  and  n^any  will  fondly  wifli,  that  he  had 
left  us  his  method  of  numbering  the  degrees  of  his 
Thermometers.  Though,  to  acknowledge  the 
truth,  it  would  be  a matter  of  more  curiofity  than 
ufe,  as  they  were  affedfed  by  the  difference  of 
wcighiof  the  atmofphere,  as  well  as  by  the  difference 
of  heat  of  the  ambient  medium.  To  remedy  which 
inconvenience,  the  virtuofi  of  the  Cimentin  Aca- 
demy contrived  their  Thermometers  in  a better 
way;  carefully  fealing  up  the  included  fpirits 
irom  any  influence  of  the  gravity  of  the  atmo- 
fphere ; and  marking  on  the  tubes,  or  on  the  fcales 
ilxed  to  the  tubes,  numbers  whereby  to  judge  of 
the  various  dilatations  of  thofe Spirits  by  the  va- 
jious  degrees  of  the  heat  applied. 


I am  furprifeJ  to  find  Dr.  Muffehenbroek*,  who 
had  been  at  the  pains  to  give  a Latin  tranflationof 
their  whole  work,  and  to  enlarge  and  embellifli  it 
with  excellent  additions,  reprefentingthefe  Floren- 
tine Thermometers  as  conftrudleU  in  a very  loofc^ 

* EIT.  dc  rhyf.  $ 947.  p.  j. 
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arbitrary  and  indefinite  way,  and  without  any  rule 
at  all.  This  is  an  imputation  to  which  they  are 
kfs  liable  than  many  others  th^t  came  after  them. 
They  made  them  of  leveral  forts,  fome  with  great- 
er and  fome  with  lefs  accuracy.  But  in  the  con- 
ftru£ling  of  tliofe  in  which  they  could  miofi:  con- 
fide*, they  tell  us  exprefsiy  at  what  degree  the 
fpirit  flood  in  the  ordinary  cold  of  limple  ice  or 
fnow.  Which,  as  their  experiments  were  done 
within  doors  in  Italy,  I take  commonly  to  have 
been  in  a thawing  Rate,  and  confequently  to  point' 
out  to  us  the  degree  of  freezing  water,  which  we 
found  t to  be  a very  fixed  period  of  heat  and  cold, 
coinciding,  we  know  with  our  32.  Thus  in 
their  ifl  fort  this  point  of  heat  fell  at  2o  5 •, 
and  in-  their  2d  to  about  1 3I-  Ij. 

So  then  we  have  one  fixed  and  intelligible  point 
of  heat  in  their 'rhermometers,  which  is  more  than 
wc  have  in  thofc  of  many  others.  But  fro^i^’one 
point  we  cannot  judge  of  th'e  reft  of  the  nuruherij:^ 
and  it  mull  be  confeflTed  their  highefl  degree  of 
heat  is  not  defined  in  a way  we  could  have  w’iflied. 
They  tell  us  that  in  their  firfl  or  long  'rhermome- 
ter  the  fpirir,  when  expofed  to  the  great  midfum- 
mer  heats  in  their  country,  rofe  to  where  they 

* Tent.  Exp.  Acad.  Clm.  p.  5. 

f EfT.  I.  § 14. 

Ibid.  § Z4. 

^ Tent.  Exp.  Acad.  Clm.  p.  2,  7. 

11,  Ibid.  II.  p.  129, 
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tnariced  gr.  8o*.  And  tlie  fpirit  in  tlie  2cl  or 
liiialler  Thermoineter  in  flich  a hfat  ftood  at  gr. 
40  f.  This  indeed  is  a very  incongruous  way  of 
graduating  Tlierniometers,.  as  the  great  heat  of 
the  fummer  fuu  is  fuch  an  indefinite  degree  of  heat 
in  different  days,  years,  climates,  6c.  And  yet, 
hy  good  chance,  there  is  left  us  a way  to  judge  of 
the  particular  fummer  heat  they  happened  to  pitch 
upon;  and  of  finding  whereabouts  it  would  have 
fallen  in  a Thermometer  conftru£led  in  Fahren- 
heit’s way,  wliich  we  have  taken  up  as  our  ftan- 
dard.  To  affirm  this  will,  I know,  be  looked  on 
at  firfl  fight  as  pretending  to  a thing  in  itfelf  loft, 
and  now  impra<fticable.  But  Borclli  and  Malpighi, 
two  curious  and  careful  obfervers  of  nature,  lucki- 
ly had  occafion  to  tell  us,  that  the  vicers  of  I'ome 
hot  animals,,  fuch  as  of  cows,  deer,  6c.  raifed  the 
fpirit  in  the  fmall  Florentine  Thermometer  to  a- 
bout  gr.  40.  the  very  degree  of  this  their  fummer 
fun  heat.  And  that  animal  heat  I find  to  coincide 
with  gr.  J02',  or  thereabouts  in  ours.  From  which 
two  periods  of  heat  determined  in  both  Thermo- 
meters we  can  make  a pretty  good  eftimate  of  all 
cbfervations  made  by  any  of  the  regular  and  well 
conftrudled  Florentine  glafiTes;  as  we  may  fee  by 
looking  on  the  table  at  No.  I.  II.  HI. 

3.  The  Thermometers  that  came  to  be  ufed  m 
the  world,  were  all  imitations  of  thofe  of  the  Aca- 

* Tent.  Exp.  Acad.Cim.  p.  ?,  4.  -|-  Ibid  p.4. 
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fkmia  de  /’  Cimentoy  but  not  conftruded  in  fuch  a 
regular  way,  or  upon  fuch  determined  principles. 
In  France  Mr.  Hubin  was  employed  in  making  them 
for  the  Academie  des  Sciences  at  Paris.  But  wc 
find  they  were  not  made  all  perfedlly  alike.  The 
Indian  miflionaries  tell  us,  that  they  ufed  thole 
that  were  graduated  low-eft.  However,  we  may ' 
reckon  at  a medium  that  which  Mr.  Amontons 
gives  us  a view  of  in  the  Memoirsf,  under  the 
name  of  the  Ancienne  ^Thermotneire.  In  it  the 
freezing  point  was  at  gr.  25,  correfponding  confe- 
quentJy  to  Fahrenheit’s  gr.  32  ; .and  the  heat  of 
the  cave  of  the  Obferv’atory  was  gr.  50,  which  I' 
know  to  be  ourgr.  53.  So  that  the  comparifon  • 
is  eafy  in  the  table  at  No.  I.  IV. 

4-;  But  I knownot  many  obfervatiens  made  with  < 
this  Weather-glafs.  It  is  much  more  to  our  pnr- 
pofe  to  know  the  conftru£lion  of  that  very  remark- 
able one  of  Mr.  De  la  Hire,  that  has  ftood  in  the 
Royal  Obfervatory  at  Paris  above  thefe  tbreefcore 
years,  and  by  which  a regifter  of  the  weather  ha« 
been  conftantly  kept;  And  yet  we  cannot  but  re- 
gret that  neither  Mr.  De  la  Hire  himfelf,  nor  any 
of  thofe  that  fucceeded  him  in  that  office,  hav,; 
been  at  the  pains  exaftly  to  determine  any  two 

* Mem.  Acad.  Sc.  1666. i6yS.  VIL  p.  835.- 

f '•Mem.  Acad.  Sc.  1703.  p.  53. 


42 


The  comparison  ot 


points  of  it,  fo  as  that  we  may  be  enabled  to  imi- 
tate it ; or  compare  it  with  other  Thermometers  f 
though  I hope -we  lhall  be  able  to  trace  it  pretty 
near  the'truth.  We  are  exprefsly  told,  that  the 
fpirit  in  if  always  hands  at  gr.  48.  in  the  cave  of 
the  Obfervatory  correfponding  by  this  to-  gr; 

53.  in  Fahrenheit’s.  And  when  it  freezes  in  the  • 
fields  they  fpeak  of  their  Thermometer  handing  in-  . 
the  open  tower  as  pointing  at  from  gr.  30.  to  gr. 

32  f:  fomething  below  which  the  real  degree  of 
freezing  would  be.  And  from  fome  concurring, 
circumftances  and  obfervations  I reckon  this  would 
fall  to  about  gr.  28.  correfponding  to  our  32, 
as  in  the  table  No.  I.  V.  We  have  an  obfervation 
of  Mr.  De  la  Hire  himfelf,  whereby  we  find  that 
his  28.  correfponded  with  ei/g.  5,1.  lin.  6.  im 
J\Ir.  Amontons’s  Thermometer 

5.  Mr.  Amontons  made  a fine  ftep  to  fettle  Stv; 
univerfal  Thermometer,  had  it  not  been  for  fome- 
inconveniencies  of  which  we  had  occafion  to  take  1 
notice  formerly!}.  In  his  the  freezing  point  was  at  ( 
fh’g.  5 ;.  Ihi.  6.  where  our  gr.  32  is  j and  the  heat 

* Mem.  Acad.  Sc.  1700.  p.  8.  1701.  p.  lo. 

1702.  p.  5-  P*  3*  *7®4*  P*  2.  t7*^5*P"  4*  1706. 
p.  3.  1707.  p.  2.  iyo8.  p.  61.  1709.  p.  3.  1710.  p.. 
141. 

+ Ibid.  1702.  p.  5.  1704.  p.  4.  1705.  p.  4.  1705. 

P‘  3*  ^7<^7*  P*  2.  >708.  p.  62.  1709.  p,  3.  ’710,  pr 
141.  171 1,  p.  2. 

X Mem.  Acad.  Sc,  171c.  p.  142. 
llEir.  I.  ^10. 
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of  boiling  water  at  dig.  73.  where  Fahrenheit’s  is 
at  gr.  ai2:  whence  they  can  eafily  be  compared 
together,  as  in  the  table  No.  I.  VI. 

6.  * The  Marquis  Polenr  gives  us  the  refnlt  of  a 
vaft  number  of  excellent  and  well-made  meteoro- 
logical obfervations,  in  which  the  heat  and  cold 
are  meafured  with  a Thermometer  conftrufted  in 
Mr.  Amontons’s  way.  But,  as  his  numbers  are 
confidcrably  different,  I thought  it  well  worth 
w’hile  to  give  a fcheme  too  of  his  Thermometer 
in  the  table  at  No.  VIL 

7,  Mr.  de  Reaumur  was  very  fenfible  of  the  dif- 
ficulties of  Mr.  Amontons’s  conltrufUion,  and  pro- 
pofed  a new  and  more  certain  way,  as  he  thought, 
of  making  Thermometers.  He  determined  to  be- 
gin his  fcale  at  freezing  water,  and  at  boiling  wa- 
ter marking^r.  80,  dividing  the  intermediate  fpace 
€>f  the  tube  into  lb  many  equal  parts.  I have  on 
another  occafionf  given  my  reafons  for  thinking 
he  was  in  fome  miftake  with  refpe^l  to  both  tlvefe 
two  periods  of  heat.  But,  as  many  very  curious 
and  ufcful  obfervations  have  been  made  with  his 
Weather-glaires,  it  will  be  of  fingular  ufe  to  find 
out  the  correfpondence  of  his  fcale  \vith  that  of 
Fahrenheit.  His  boiling- water  heat  is  really  only 
the  boiling  heat  of  weakened  fpirit  of  wine,  coin- 

* Phil.  Tranf.  421.  p.  205, 
t EfT.  I.  § 20,  21. 
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tiding  nearly,  as  I guefs,  with  Fahrenheit’s  gr^ 
i8o,  and  as  his^.  lo^  is  the  conftant  heat  of  the 
cave  of  the  Obfervatory  or  our  gr-  S3*  thence  F 
fiod  his  freezing  point, . inftead  of  anfwering  juft" 
to  our  gr.  32,  to  be  foniething  above  gn  34,  as  ia-i 
the  table  No.  I.  VIII. 

8.  On  principles  very  like  thofe  of  Mr.  de  Reau-  - 
mur,  Mr.  de  I’lfle  conftrudlcd  his  mercurial  Ther- 
mometer: but,  inftead  of  freezing  cold,  he  began- 
his  fcale  at  the  heat  of  boiling  watery  and,  invert- 
ing the  common  order j marked  downwards  the 
feveral  degrees  according  to  the  condenfations  of. 
the  contained  quickfilverj  and  ’ confequently  byv 
numbers  increafing  as  the  heat  decreafed.  This, , 
as  I obferved fj  was-  not  in  all  glaftes  fo  uniform-i 
as  were  to  be  wiftred..  But  as  in  Mr.  de  I’lfle’s- 
own  ftandards  the  freezing  point  is  near  to  hisgn  . 
150,  coinciding  with  ourgn  32,  it  is  cafy  to  com- 
pare obfervations  by  them  with  the  degrees  of  heat 
marked  in  ours  by  the  table  at  No.  I.  IX. 

9.  Mr.  Grucquiusit.in  Holland  has  made  many/ 
curious  and  accurate  meteorological  obfervations  - 
with  an  air>Thermometer.  In  freezing  water  the 
whole. volume  was  1070,  In  boiling  water  1510J, 

* Mem.  Acad.  Sc.  1 7 30.  p.  303; 

t Eft.  I.  ^.28. 

j;  Phil.  Tranf.  N.  381.  p.  4. 
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fo  as  to  render  It  very  eafy  to  collate  his  Thermo- 
jneter  with  Fahrenheit’s  by  the  table  No.  I.  IX. 

lo.  The  moft  common  Thermometers  in  Eng- 
land  are  thofe  made  (and  commonly  very  carelefsly 
made)  after  the  ftandard  one  kept  in  the  Royal 
Society:  and  many  fafhioned  on  this  plan,  by  order 
of  the  Society,  have  been  fent  into  foreign  parts  to 
eflablidi  a correfpondence  of  obfervations  concern- 
ing the  weather  in  different  countries:  for  which 
reafon  it  is  the  more  incumbent  on  us  to  find  out 
the  principles  of  its  conftruftion,  fo  as  to  enable 
us  to  compare  it  with  other  Thermometers.  The 
fcale  begins,  or  gr>  o is  marked  at  the  top,  1 know 
not  well  upon  what  grounds,  and  thence  the  num- 
bers increafe  downwards  as  the  heat  decreafes. 
* In  it  it  is  faid  to  be  extreme  hot  about  the  top  of 
the  fcale,  hot  at  gr.  25,  temperate  at  gr.  45,  and 
gr.  65  is  marked  as  the  point  of  freezing.  But,  by 
trials  made  with  fomeThermometersthat  had  been 
adjufted  pretty  exactly  with' the  ftandard  one  in  the 
Society-houfe,  I found  that  the  fpirit  fell  to  about 
gr.  78  or  79  in  thawing  fnow  j near  14  degrees 
lower  than  what  had  hitherto  been  reckoned:  and 
this  increafes  the  wonder  (till  more,  how  Dr.  Cy- 
rilli  t Ihould  have  found  the  freezing  point  at  Na- 

* Phil.  Tranf.  N.  4.29.  p.  103,  N.  433.  p.  337-, 
339.  N.  434.  p.  407. 

t Ibid.  N.  424.  p.  336.  N.  454.  p.  4C7. 
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pies  fo  high  as  gr.  55,  if  his  Thermometer  was 
truly  adjufted  to  the  ftandard. 

But,  to  compare  this  Thermometer  with  thofe  . 
of  other  people,  it  is  necefiary  to  find  out  where  , 
they  correfpond  in  fome  other  period  of  heat.  What 
is  marked  hot  or  temperate^  isfe.  on  it,^  is  indeed 
very  equivocal.  But,  to  put  an  end  to  the  uncer- 
tainty, I tried  and  found  by  experience,  that  gr.  ; 
34-J  anfwered  to  gr.  64  in  ours : from  whence  > 
their  agreement  is  eafily  determined  for  all  the  reft 
of  the  fcale  as  in  the  table  at  No.  I.  XI. 

1 1.  Sir  Ifaac  Newton  * faw  very  well  how  vague 
and  uncertain  all  the  Thermometers  in  common 
ufe  were  ; and  therefore  he  contrived  a new  one, 
which  I am  furprifed  has  gained  fo  little  ground  in 
the  world,  as  it  is  fo  Ample  and  fo  eafily  imitated.  | 
You  but  begin  your  fcale  at  freezing,  and  the  di-  ^ 
fiance  from  that  to  the  heat  of  boiling  water  you 
divide  into  34  equal  parts  or  degrees,  which,  as 
they  are  large,  may  be  fubdivided  at  pleafure. 
How  fuch  a Thermometer  anfwers  to  Fahrenheit’s 

is  feen  at  No.  I.  and  XII. 

12.  There  is  a Thermometer  in  pretty  frequent 
ufe  in  England,, wherein  they  conceive  the  middle 
temperature  of  the  air  as  neither  hot  nor  cold, 
which  therefore  they  markgr.  o,  and  number  both 
above  and  below,  denoting  by  this  means,  as  they 


* Phil.  Tranf.  No.  270.  p.  824. 
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-conceive,  the  degrees  of  heat  and  cold  of  the  am- 
bient medium.  It  is  Thermometers  graduated  in 
this  way  which  they  coirunonly  have  in  their  ftoves 
and  green-houfes  for  adjufting  the  re(pe£l:ive  de- 
grees of  heat  the  various  tender  exotic  plants  re- 
quire for  maintaining  their  life  and  vigour.  I do 
not  believe  that  thefe  Thermometers  arc  made 
upon  any  regular  or  fixed  principles.  They  com- 
monly indeed  mark  freezing  at  gr.  30  under  gr.  o. 
But  in  Mr,  Fowler’s  regulator,  who  furniflies  moft 
of  the  green-houfes  with  them,  he,  on  my  defiring 
bim  to  try  it,  found,  that  in  melting  fnow  the  fpirk 
fell  to  about  gr.  34  under  o,  and  I found  by  fomc 
comparifons  I made,  that  hisgr.  i6  coincided  p. 
with  our  gr.  64 ; fo  that  the  whole  correfpondencc 
of  this  with  Fahrenheit’s  Thermometer  is  cafily 
determined,  as  in  No.  I.  XIU. 

13.  Dr.  Hales*  thought  fit  to  employ  a new 
conftru£Bon  of  a Thermometer  in  making  his  cu- 
rious experiments.  He  began  his  fcale  or  loweft 
degree  at  freezing,  or  our  gr.  32,  and  carried  it 
Up  to  gr.  too,  which  Jhe  marked  where  the  fpirk 
ilood  when  the  ball  was  heated  in  hot  water  on 
which  wax  fwimming  firfr  begins  to  coagulate.  In 
fuch  water  I found  Fahrenheit’s  Thermometer 
point  at  gr.  142  •,  by  which  the  two  Thermometers 
might  eafily  be  compared.  But  by  experience  his 
^r.  ICO  falls  confidcrably  above  onr  gr.  142.  The 

* Vcg.  Stat.  p.  37» 
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refult,  from  collating  the  two  Thermometers  toge- 
ther, is  at  No.  I.  and  XIV.  At  a fpring-head  the 
Dodor  found  his  to  point  at  gr,  1 3,  while  ours 
flood  at  gr.  48. 

1 4.  At  Edinburgh  they  have  for  thefe  many 
years  kept  a very  exaft  regifter  of  the  weather, 
part  of  which  is  already  publithed  in  their  Medical 
EfTays ; for  which  it  is  well  worth  while  to  find 
out  its  relation  to  other  Thermometers } which, 
from  what  the  authors  tell  us,  is  eafily  done : for, 
* when  the  bulb  was  immerged  in  melting  fnow, 
the  fpirit  flood  8^2  inches  high,  the  heat  of  the 
human  fkin  raifing  it  to  22*2  inches*,  fo  that  the 
intermediate  14  was  divided  into  inches  and  tenths 
of  inches.  And  the  heat  of  that  perfon  who  gra- 
duated it  I found  to  be  gr.  97  in  mine  *,  from 
whence  the  comparifon  at  any  intermediate  degree 
of  heat  is  very  eafy,  as  in  No.  I.  XV. 

15.  We  have  heard  of  many  other  Thermome- 
ters, and  of  obfervations  and  regifters  of  weather 
kept  by  them.  Cut  they  have  been  generally  fo  ill 
limited  and  deferibed,  that  they  are  of  no  manner 
of  ufe,  and,  to  whatever  purpofe  they  might  ferve 
their  authors,  are  to  us  as  if  they  never  had  been. 
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SUCH  is  the  nature  of  Fire  and  Heaf,  that  con- 
tiguous bodies  of  various  degrees  of  warni- 
nefs  do  naturally  come  to  the  fame  temperature,  if 
inert  and  left  to  themfelves  without  any  other  in- 
trinfic  principle  heating  or  cooling  the  one  more 
than  the  other  : the  hotter  body  lofing,  and  the 
cooling  one  gaining  fome  degrees  of  heat,  till  they 
all  arrive  at  an  equilibrium.  Thus  all  inert  bodies 
placed  in  our  air  at  firft  heat  or  cool  the  particles 
next  to  them  j but  in  procels  of  time  they  come  all 
to  be  of  the  fame  temperature  with  it.  See  Boerh. 
Chem.  I.  p.  187,  188,  200,  281.  Mujfchenbr.  Eff. 
(le  rhf  § 961.  The  times  of  bringing  about 
fuch  e’iicQs,  or  reducing  immerfcd  bodies  to  the 
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ftate  of  the  ambient  medium.^  being  different,  ac** 
cording  ro  their  relative  bulks,  denfiiies,  figures, 
particular  natures, 

2.  A body  very  hot  placed  in  a colder  medium 
cools  gradually,  at  firft  fafter  and  afterwards  flow-  ' 
er,  as  any  one  would  expe<ft ; and  is  fully  confirm- 
ed by  Dr.  MufTchenbrock’s  experiments  *.  But  he 
did  not  atterript  to  fliew  after  what  rule,  or  if  it 
was  after  any  regular  manner  that  fuch  a cooling 
was  effe£led.  He  only  affirms  f in  general  from 
them,  that  given  quantities  of  heat  are  loft  at  firfb 
in  fliorter  times,  and  gradually  longer  and  longer, 
till  the  cooling  be  very  flow,  and  at  laft  the  heat 
of  the  body  coincide  with  that  of  the  ambient  air,  ' 

3.  Sir  Ifaac  Newton’^s  | view  of  this  matter  fs 
valtly  pretty,  though  not  thoroughly  underftood  j 
by  Mr.  Amonrons(|.  Having  heated  a lump  of  iron 
red  hot,  and  with  ail  the  neceftary  precautions  ob- 
ferved  the  degrees  and  times  of  the  diminution  of 
its  heat  when  expofed  to  the  cold  air,  he  luppofcd, 
and  that  not  without  a great  fliew  of  reafon,  that 
while  it  was  cooling  the  quantities  of  heat  loft  in 
given  fmall  times  would  always  be  proportional  to 
tlie  heats  fubfifniig  in  it  j reckoning  the  heat  juft 

* Tent.  Exp.  Ac.  CIm.  Add.  II.  p.  47— ry. 
flbld.  p-52. 

+ Phil.  Tranf.  Abr.  IV.  2.  p.  3. 
ii  Mem.  Ac.  Sc.  J703.  p.  23,^5. 
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fo  be  the  excefs  whereby  It  is  warmer  than  the  am- 
bient air.  So  that  from  the  beginning  of  its  great- 
eft  heat  to  the  end  or  time  when  it  came  to  tlie 
temperature  of  the  ambient  air,  taking  the  times 
in  an  artihineiiccil  progrefTion,  the  heats  of  the  iron 
above  the  heats  of  the  air,  and  the  decrements  of 
thefe  heats  will  be  cotiihiually  proportional.  For  if 
there  be  a feries  of  quantities  proportional  to  their 
differences,  thefe  quantities  and  differences  will  be 
in  a geometrical  progrelfion  *.  \V  hence  the  di- 
minution of  heat  in  fuch  a body  is  like  the  retar- 
dation of  a projected  body  endowed  with  a certain 
originally  imprefled  force,  and  moving  in  a medi- 
um with  a refiftance  always  proportional  to  its  ve- 
locity. And  the  progrefs  of  that  decreafe  of  heat 
may  be  determined  by  what  is  commonly  demon- 
ftrated  of  bodies  refifted  in  that  manner  f. 

4.  This,  I fay,  is  a moft  ingenious  way  of  finding 
out  and  determining  thofe  very  great  and  burning 
heats  which  no  ordinary  Thermometer  can  bear. 
But  then  it  is  not  to  be  admitted  without  fome  re- 
ftridion.  The  hypothefis  is  more  mathematical 
than  phyfical.  It  gives  a fine  and  beautiful,  but 
not  a true  view  of  nature.  The  heat  of  a body 
does  not  really  decreafe  exailly  in  that  proportion.. 

* Newton.  Princip.  II.  Lem.  l.  p.  230. 

d See  Newton,  ibid.  prop.  2.  Varign.  in  Mem.  Ac, 
Sc.  1707.  p.  5C4, 
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For  were  that  truly  the  cafe,  the  body,  though 
continually  cooling,  would  take  an  infinite  time  to 
arrive  at  the  temperature  of  the  furrounding  me- 
dium *.  Which  however,  in  fa6t,  we  iind  to  be  ac- 
complilhed  in  a very  moderate  Ipace  of  time.  And 
that  fooner  or  later  according  to  the  original  heat,, 
fize,  denfity,  or  other  circumllances  of  the  heated 
body  and  cooling  medium. 

5.  If  you  immerge  a heated  body  in  a cold  air,, 
or  other  cold  medium^  that  body  will  acquire  a fort 
of  atmofphere  involving  it  all  around,  fomething 
warmer  than  the  reft  of  the  air,  though  a great 
deal  colder  than  the  body  itfelf : fo  as  that  the  am- 
bient cold  cannot  aftc6l  the  body,  fo  much  as  if  it 
were  quite  naked  and  divefted  of  its  atmofphere. 
But  as  this  atmofphere  is  warmeft  in  or  near  the 
beginning,  and  gradually  cooling  along  with  the 
body,  the  ambient  coldncfs  will  have  a greater  pro- 
portional influence  tow^ards  the  end  than  in  the  be- 
ginning. Whence,  though  the  body  in  whole  takes 
a longer  time  to  cool,  the  differential  decrements 
will  be  in  a proportion  fomewhat  greater  than  its 
inherent  quantities  of  heat. 

6.  But  what  way  fliall  we  determine  the  law  of 
this  decreafe,  and  how  far  it  n\ay  deviate  from  the 
general  and  more  fimple  law  of  thofe  decrements 

* Sce'Varign.  ibid.  p.  507,  509. 
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being  proportional  to  fuch  inherent  quantities  of 
heat  ? I will  not  infill  on-any  fpeculation  as  fuiri- 
eient  to  lead  us  to  this.  But  we  may  trufi:  to  ex- 
perience as  our  befi:  guide.  Obfervations  carefully 
made,  and  judicioufly  applied,  will  undoubtedly 
bring  us  into  the  right  path,  or  at  leaf!  very  near 
it.  Now,  as  the  refult  of  many  obfervations,  I find 
that  the  decrements  of  heat  may  be  looked  on  as 
partly  equable,  and  partly  in  proportion  to  the 
fubfifting  heats  j reckoning,  as  in  the  former  hy- 
pothefis,  thefe  heats  tobe  the  excefies  whereby  the 
heat  of  the  body  is  warmer  than  the  ambient  air. 
And  confequently  from  the  beginning  to  the  end, 
taking  the  times  in  an  arithmetical  progrefiion, 
thofe  decrements  may  be  refolved  into  two  feriefes. 
In  the  one,  and  that  for  ordinary  of  much  the 
greatefi  confequence,they  are  always  in  proportion 
to  the  heats  themfelves,  and  fo  in  a geometrical 
progrelfion,  as  in  the  general  theory  : while  in  the 
other  feries,  indeed  the  leall  material,  the  decre- 
ments are  as  the  times,  or  always  uniform,  that  is, 
equal  quantities  of  heat  loft  in  equal  times.  And 
lb  the  law  of  this  decreafe  of  heat  coincides  with 
the  law  of  the  retardation  of  a heavy  body  afeend- 
ing  perpendicularly  in  a medium  which  refifts  it 
in  proportion  to  its  velocity  *. 

* See  Newton,  ibid.  pr.  3.  Varign.  Mem.  Ac. 
Sc,  1708.  p.  175,  drc. 

7.  To 


7.  To  illuftrate  this  by  obfervation,  I chofe 
chiefly  to  employ  Dr.  MufTchenbroek’s  experi- 
ments i as  having  been  carefully  enough  done,  and 
not  liable  to  the  objection  that  might  be  ftarted 
againft  mine,  as  if  they  had  been  made  with  a de-  il 
flgn  to  be  fubfervient  to  particular  rules  and  the-  r 
ories.  Though  indeed  it  was  the  obfervations  that 
led  me  to  think  of  any  fuch  rules  taking  place. 
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In  z,  fmall  bar  of  Iron.  ^lufTchenbr.  Tent. 
Acad.  Cim.  Add.  II.  p.  48. 
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In  a fmall  bar  of  Steel.  Ibid.  p.  49. 
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In  a fmall  bar  of  Copper.  Ibid.  p.  50. 
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In  a fmall  bar  of  Brafs.  Ibid.  p.  5 1. 
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In  a fmall  bar  of  Lead.  Ibid.  p.  5 • 
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In  a fmall  bar  of  Tio.  Ibid.  p.  52. 
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In  a little  Mercurial  Thermometer,  heated  to  gr. 
io8,  and  expofed  to  the  open  air,  I found  the 
heat  decreafe  in  this  order. 
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8.  The  decimals  of  degrees  are  calculated  and 
fet  down  as  they  arofe  in  the  arithmetical  reduc- 
tion of  the  numbers  : Not  that  I would  be  thought 
to  pretend  to  an  imaginary  exaclnefs  either  in  my  ex- 
periments, or  thofe  copied  from  Dr.  Muflehenbroek. 
Meafures  and  obfervationsof  this  kind  admit  but  of 
an  approximation  togeometrical  truth.  All  our  ma- 
chines are  imperfea.  The  conffrudion  of  Dr.  Mufl- 
chenbroek’s  Pyrometer  made  with  toothed  wheels, 

pinions, 


COOLING  01.  BODIES. 


6t 


pinions,  53’t’.  coulJ  not,  ns  he  himfcif  confelTes*, 
move  with  fuch  a regularity  ns  w'ere  to  be  wilhed-, 
and  perhaps,  too,  the  heated  or  cooled  bodies  are 
not  quite  homogeneous  f,  and  lb  Ibrnetinaes  make 
the  refrigerations  go  on  in  ftarts  : and  accordingly 
in  the  repifter  of  his  obfervations  we  meet  with 

O 

Harts,  Hops,  and  irregularities,  that  in  Ibch  com- 
pound engines  and  imperfcbl  bodies  are  unavoid- 
able. And  lb  we  are  to  take  the  medium  and 
main  drift  of  the  obfervations,  in  the  main  agree- 
ing very  well  with  the  theory,  though  they  may 
differ  fome  degrees  on  one  Ude  or  the  other. 

9.  From  this  law  of  the  decreafe  of  heat  in  bo- 
dies expofed  to  the  influence  of  an  equable  flream 
of  cooling  air  we  Aral  I be  able  with  a tolerable  de- 
gree of  exablnefs  to  find  out  theintenlity  of  thofe 
great  burning  fiery  heats  which  cannot  be  menfur- 
ed  by  any  Thermometers  yet  known.  The  heat 
of  metals  red  hot,  or  even  in  full  on,  of  burning 
flones,  melted  glafs,  ^c.  may  by  this  means  be  de- 
termined. For  when  they  are  brought  to  the  pro- 
pofed  heat  by  a ftrong  fire,  we  are  carefully  to  ob- 
ferve  the  time  of  their  cooling ; and  by  applying 
a incrcuriaTl  hermometer  to  them  as  foon  as  it  can 
well  bear  their  heat,  we  may  accurately  enough  de- 
termine the  decrements  of  heat  below  that  period ; 
find  from  thence,  riling  upwards  in  a regular  ferieS| 

* Tent.  E«p.  Acad.  Cim.  Add.  II.  p.  29, 

•f  Sec  Ibid.  p.  30,  31,  32. 
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be  able  to  find  out  the  degrees  of  heat  from  that 
to  the  very  beginning  of  its  cooling,  or  the  mo- 
ment it  was  taken  from  the  fire. 

10.  lam  very  well  aware  that  this  law  I have  . 
propofed  of  the  decreafe  of  heat  will  not  always 
.hold  cxa£tly  in  ail  circumftances.  If  the  heated 
body  be  very  large,  and  without  a free  ventilation  J 
of  air,  it  will  acquire  a warm  and  almofl:  ftagnat-# 
ing  aimofpherc  around  it,  which  increafes  and] 
fpreadeth  wider  for  a confiderable  time  after  the  ' 
beginning  of  the  obfervation,  and  then  gradually 
is  diminiflicd  and  drawn  into  nothing  at  the  end  or 
expiration  of  heat.  By  w'hich  means  it  neither 
cools  fo  faft,  nor  in  fuch  a regular  manner,  as  if 
a conftant  brilk  ftream  of  frelh  air  were  perpetu- 
ally blowing  along  it.  In  thofe  circumftances  it  ] 
will  be  difficult,  if  not  impoffible,  to  reduce  the  ^ 
decreafe  of  heat  to  a regular  feries  of  numbers;  | 
however,  even  in  this  cafe,  as  well  as  the  former 
more  regular  decline  of  heat,  we  may  be  able  to 
find  a method  of  tracing  its  feveral  degrees  in  all 
its  different  periods  of  time,  and  exhibit  them  to 

e eye  as  diftimSlly,  or  rather  more  fo,  than  if 
they  were  exprefied  in  numbers ; and  that  too  in 
a fort  of  geometrical  way. 


11.  Let 
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II.  Let  the  time  the  body  takes  in  cooling  be 

cxprefl'ed  by 

the  line  AT, 

thequantity  of 
heat  loft  (be- 
ing its  exccfs- 
above the heat 
of  the  ambient 
medium)  by 
All  drawn 
perpendicular 
to  it.  AT  be- 


ing divided  into  any  number  of  very  fmall  equal 
parts  AB,  BC,  CD,  6c.  gives  AB,  AC, 
AD,  6c.  the  times  from  the  beginning  inereal- 
:iig  in  an  arithmetical  progreiBon.  And  in  AH 
the  lines  Ab,  be,  cd,  6c.  arc  fuppoled  to  exprefs 
the  decrements  of  heat  in  tbeie  refpeflive  fmall 
times.  So  that  Ab,  Ac,  Ad,  isc.  are  the  quanti- 
ties of  heat  lolf  from  the  beginning  of  the  oblcr- 
vation  at  any  affigned  moment  of  time,  and  ilA, 
l\b.  Hr,  fs’r.  the  heats  Hill  lublifling  at  the  rc- 
fpeclive  limes  A,  b,  c,  t5 c.  Now  from  B,  C,  D,  i£fc. 
draw  the  lincs-Bs,  Ck,  Dd,  6c.  parallel  to  AH 
and  from  b,  c,  d,  6c.  draw  b^,  r*,  rA  cr.  pa- 
rallel to  AT,  fo  that  they  meet  refpe£tively,in  ft,  x, 
6c.  and  through  thefe  points  of  concourie 
draw  the  curve  A /3  S'  t>  ^c.  this  cuive  line,  be- 

E 2-  ing 


in 
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ing  concave  towards  AT  and  convex  towards  AH 
will  be  the  curve  of  the  clecredfe  of  hear.  AT 
may  be  looked  on  as  its  axis,  AB,  AC,  AD,  is‘c. 
as  the  abfeifies,  and  B,?,  C.-:,  D^,  equal  to  A&, 
Ac,  Ad,  as  its  ordinates.  And  I Ihid  this  curve 
to  be  a fort  of  hyperbola.  So  that  from  any  gi- 
ven feries  of  obfervations  of  the  dccreale  of  heat 
of  any  body  we  fliall  be  able  to  protraff  upon  pa- 
per, or  to  calculate  any  other  way,  as  much  of 
this  hyperbolic  line,  as  to  enable  us  to  hnd  its 
center,  diameters,  alymptots,  drc.  and  to  draw  it 
out  to  what  lengtii  we  pleafe  : and  from  thence 
to  invehigate  the  heat  of  the  body  at  any  deter- 
mined diftance  of  time  before  we  had  accefs  to 
know  the  heat  by  a Ihermometer.  By  which  me- 
thod then,  only  from  obferving  the  decrements  of 
beat  in  a lump  of  iron,  or  any  other  intenfely  hot 
body,  after  it  is  able  to  bear  the  application  of 
a Phermometcr,  having  taken  particular  notice 
how  loon  it  comes  to  that  temperature ; we  may 
determine  its  degree  of  heat  the  moment  it  was 
taken  burning  hot  from  the  furnace.  We  may 
cither  calculate  backward  the  feries  of  numbers 
found  out  by  obfervation,  or  protra<Sl  on  paper 
mechanically  the  hyperbolic  line  \3r  fcale  of  tho 
decreafe  of  its  heat  in  the  manner  juft  now  pro- 
pofed.  For  either  of  thefe  ways  will  give  us  the 
initial  greateft  heat  it  had  when  taken  from  the 
fire  with  tolerable  exaftnefs.  The  former  will  be 
lulhcieut.,  if  .the  hot  body  be  very  fmal!,  or  a ftream 
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of  cool  air  be  conftantly  blowing  along  it  j but  the 
other  will  be  more  convenient  if  the  furrounding  . 
air  be  in  a itate  of  Ibgnation,  or  nearly  fo. 

t2.  We  fee  then  from  the  flrft  moment  of  the 
cooling  of  bodies  the  quantities,  of  heat  loft  in  gi- 
ven times  arc  always  growing  iefs  and  lefs;  till  the 
heat,  and  confequently  tbefe  decrements  of  heat,, 
quite  evanifh,  and  the  body  put  on  the  temperature 
of  the  ambient  medium.*,  and  all  this  in  a pretty 
regular  manner.-  The  heating  of  bodies  does  not 
gjo  on  in  fuch  an  orderly  way;  concerning  which 
we  have  fome  very  nice  experiments  furnillicd  us 
by  the  ingenious  and  accurate  ProfelTor  Muflcheri- 
broek  * : from  which  he  juftly  infers,  that  the  ex- 
panfion  or  heating  of  bodies  is  not  equable,  but 
very  flow  at  firft,  as  if  the  fire  had  fome  difficulty 
in  its  firft  penetration  of  the  body  which  gradual- 
ly grows  eafier,  the  expanfions  or*  increments  ci 
heat  in  given  times  foon  coming  to  be  very  confi- 
derable.  Thefe  in  a very  little  time  come  to  tlu  ir 
greateft  height.  And  then  fuch  increments  gradu- 
ally diminilh  till  they  quite  evanifh,  the  heated  bo- 
dy acquiring  the  temperature  of  the  ambient 
medium  f.  All  which  I have  likewife  found  to  be 
true  by  the  experiments  I have  made  on  this  fub- 

*■  Tent.  Exp.  Acad.  Cira.  Add.  II.  p.  14—25. 
34— '43- 

t Ibid.  p.  29—32.  39. 
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}e£I.  Some  of  which  I fliall  foon  have  occafion  to 
infcrt. 

J3.  That  bodies  cool  or  heat  fooner  or  more\ 
leifurely  according  to  their  different  bulks,  denfi-^ 
ties,  figures,  tfc.  is  commonly  taken  notice  ofk 
There  will  be  no  great  labour  required  to  convince 
every  man  that  will  but  think  of  it,,  that  a given-| 
quantity  of  the  fame  fort  of  matter  will  be  eafier® 
or  more  difficultly  cooled  or  heated,,  as  it  is  ex-  ■ 
panded  under  a greater  or  fmaller  furface ; and  ’ 
confequently  muft  vary  according  to  the  different' 
figures  wherein  it  is  fiiaped.  Thus  bodies  of  z- 
round  form,  as  having  the  greateft  quantity  of.i 
matter  within  the  leaft  furface  are,  ceteris  paribus,^ , 
the  floweft  in  heating  or  cooling,  and  fo  on  of  the 
other  figures  of  bodies,  according  to  their  com-- 
pa£lnefs  or  expanfion. 

14.  As  to  their  difference  of  fize,  no  body^ 
makes  any  doubt  of  great  bodies  altering  their 
temperature  more  (lowly  than  fmaller  ones : “ Quo’  | 
“ minor  eft  corporis  moles,”  fays  Lord  Verulam*,, 
eo  citus  per  corpus  calidum  approximatum  in-- 
“ calcfcit.”  But  in  what  proportion  to  their  bulk- 
is  not  altogether  fo  eafy  to  determine.  Let  us,, 
however,  hear  what  Sir  Ifaac  Newton  f fays  on  the 
fubjecf.  “ Globus  major  calorem  diutius  confer- 

* Nov.  Org.  II.  13.  § 40. 
t Frlnc,  Math.  p.  509^ 

**  varet 
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« varet  in  ratione  diametri,  propterea  quod  fuper- 
ficies  (ad  cujus  nienfuram  per  contac^^um  aeris 
« ambientis  refrigeratur)  in  ilia  ratione  minor  eib 
« pro  quantitate  materise  lute  calidae  inclufae. — 

« Sufpicor  tamen  quod  duratio  caloris,  ab  taufaa 
“ latentes  augeatur  in  minore  ratione  quam  ea  dia- 
metri;  & optarim  ratioaenx  veram  per  experi- 
**  menta  inveftigari.” 

1 5.  To  fatisfy  this  great  man’s  wiflics,  I began 
to  make  fome  experiments  of  this  fort,  which  I 
propoied  to  have  carried  on  farther  if  1 had  had 
leifure  enough.  However,  from  the  trials  I made, 

I think  we  have  good  reafon  to  conclude  his  fpe-  jk 
culation  of  the  faculties  to  preferve  heat  being 
proportional  to  the  diameters  of  fimilar  bodies,  to 
be  very  juft  •,  and  that  his  fufpicion  of  that  facul- 
tv  in  the  greater  bodies,  not  being  fully  in  fuch  a 
high  proportion  as  the  diameters,,  is  without  fuf- 
ficient  ground, 

16.  I took  two  China  bowls  pretty  nearly  of  the 
feme  fliape  but  of  very  different  fizes,  the  large 
one  being  about  twice  as  broad,.and  fo  of  the  other 
longitudinal  dimenfions,  as  the  other,  and  confe- 
quently  holding  eight  times  more  liquor.  Into  the 
big  one  A,  I put  two  quarts,  and  into  the  other  B 
two  gills  of  water,  which  in  both  was  brought  to 
the  temperature  of  gr.  1 1 2.  by  very  nice  Thermo- 
meters placed  in  each,  and  immediately  removed 
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into  a cool  place^  where  there  was  a moderate  cur- 
rent of  air  of  the  temperature  of  about  48  or 
49,  and  the  refrigerations  of  the  waters  carefully 
obferved  in  the  following  times. 


Times  in  B. 


r*  — ^ 

Degrees  of 

Times  in  A. 

By  obferva- 

By  theory.™ 

Heat. 

- 

tion. 

/ ' 

4 

gr.  1 12 

0 

0 

0- 

104 

. 104. 

5t 

5t 

96 

2i4- 

1 1 

104.: 

80 

54t 

28 

72 

81 

42 

40-r- 

64 

118 

61 

59' 

S<5 

194. 

* 99' 

97 

The  fame  day  the  experiment  was  tried  over- 

again,  but  in  a place  where  the  furrounding  air- 
had  no  current,  and  little  other  agitation  than  whatr 
was  occalioned  by  the  motions  I'made  in  carrying, 
on  the  oblervations.  The  refult  was  as  follows  r . 


Times  In  B. 


Degrees  of 

Times  in  A. 

By  obferva- 

By  theory. 

Heat. 

tion. 

t 

9 

• 

^ r,  1 12 

( 0 

0 . 

- 0 

104 

10 

6 

5 

8 

100 

16 

9 

96 

23 

92 

. 88 

31 

49 

16 

21 

■5i 

20 

Tie 
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The  Thermometer  in  the  little  bowl  was  fome- 
what  above  gr.  112  in  the  beginning,  which  was 
the  caufe  of  the  times  of  the  falling  to  fuch  and 
fuch  degrees  of  heat  to  be  alw’ays  about  a minute 
longer  than  the  theory  required.  There  wasfome- 
thing,  though  lefs  of  this  too,  in  the  foregoing  ex- 
periment : and,  making  a due  allowance  for  thefe 
fmall  and  truly  inconfiderable  variations,  the  theo- 
ry coincides  furprifingly  W'ith  obfervation  ^ nearer 
indeed  than  we  could  well  expedl  in  fuch  experi- 
ments, wherein  the  inftruments  muff  be  allowed 
not  to  come  up  to  a mathematical  exa<5fnefs.  A 
▼cry  fmall  and  infenfible  error  in  the  conftrudlion 
of  the  Thermometers,  or  a very  inconfiderable 
miffake,  as  of  about  a quarter  or  half  a degree  in 
making  the  obfervation,  would  feeniingly  occafion 
a very  fenfible  difference  between  the  time  adtual- 
ly  obferved  and  that  which  the  theory  required.. 

To  try  it  in  bodies  differing  ftill  more  in  bulk 
from  one  another,  the  heat  of  the  air  being  gr.  48, 
there  were  two  veffels  filled,  the  one  with  one  gill 
and  the  other  with  27  gills  of  water,  their  refpec- 
tive  diameters  thus  being  1 and  3 *,  and  the  refri- 
gerations came  out  in  this  order. 


Degrees 
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> Times  in  B 


( ^ > 


Degrees  of 

Times  in  A. 

By  obferva- 

By  theory. 

Heat. 

tion. 

1 n 

/ It 

t rr 

gr.  108 

0 00 

0 : 00 

0 : 00 

104 

5 : 20 

1 : 30 

I : 4<^ 

100 

10  : 00 

3 : 20 

■3  : 20 

96 

iS  ’ 45 

5 : 05 

5 • *5 

92 

22  : lo 

7 : 10 

7 : 2J 

83 

30  : 00 

9 : 00 

10  : 00 

84 

39  : 

11  : 15 

12  : 20 

80 

48  : 20 

14  : 00 

16  : 07 

76 

57  : 00 

17  : 30 

J9  : 00 

64 

1 01  : 00 

33  : 10 

33  : 40 

There  fliO’jM  be  more  experiments  tried,  and 
thefe  oa  other  bodies  as  well  as  water  *,  on  folids. 
as  well  as  fluids,  and  in  a greater  variety  of  pro- 
portions of  their  refpe<flive  bulks,  and  with  bodies 
immerled  in  various  mediums,  all  which  I am 
apt  to  tlxink  would  come  out,  like  to  what  wc 
have  already  tried,  agreeable  to  Sir  Ifaac’s  rule. 

17.  Let  us  next  inquire  if  the  ordinary  theory 
of  bodies  heating  and  cooling  fafter  or  flower,  as 
they  are  lets  or  more  denfe,  will  come  out  as  con- 
formable to  nature  and  truth.  It  is  indeed  a very 
plaufiblc  fpeculation,  and  what  one  would  be  apt 
to  deduce  from  the  vis  ineriice  of  matter,  that  rare 
bodies  are  foon  either  heated  or  cooled,  but  that 
denfe  bodies  are  more  flowly  altered  by  the  heating 

or 
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tor  cooling  influence  of  the  ambient  medium. 

*Sufpicamur  (naturam  denfi  & rari)  pofle  habe- 
“ re  confenfum  cum  tarda  & celeri  exceptione  & 
“ depofitione  calidi  & frigidi.  Fiat  igitur  experi- 
“ mentum,  rarius  corpus  non  admittat,  & amit- 
“ tat  calorem  aut  frigus  celerius,  denfius  vero  lar- 
dius.” — “ Q^o  denfiora  corpora,”  fays  Dr. 
Boerhaave  f,  “ live  fluida  fuerint  five  confiftentia, 
“ eo  pluri  tempore  egent,  ut  ab  eodem  igne  sequa- 
“ liter  incalefcant.”  And  in  like  manner,  as  to 
the  cooling  of  bodies,  he  tells  us|,  “ Corpora — 
“ acceptum  caloris  gradum  tanto  diutius  confer- 
“ vare  quo  funt  denfiora,  ponderofiora,  aut  plus 
fubftantiae  corporcae  habentia.”  In  a word, 
“ Quo  denfa  magis  corpora  eo  diutius  impreffi  ca- 

« lidi  tenacia  I- Tanto  pluri  tempore  egent  ut 

« polTint  rcdiread  temperiem  cum  rarioribns  citius 
<*  refrigerandis 

This  rule  of  bodies  requiring  times  of  heating 
and  cooling  in  the  order  and  proportion  of  their 
denfities,  is,  I fay,  a very  plaufible  fpeculation,  and 
to  which  every  body  at  firft  hearing  is  ready  to  af- 
fent : and  moreover  this  propofition,  fo  obvious 
in  theory,  is  faid  to  be  confirmed  too  by  expert- 


* Bacon  Hid.  Denf.  djr.  p.  17. 

-j-  Chem.  I.  p.  279.  vid.  & p.  266. 

J Ibid.  p.  264. 

11  Ibid.  p.  160. 

Ibid.  p.  26n. 
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ments,  as  we  fine)  them  propofed  by  Dr.  Boerhaave*, 
“ Multa  fuper  hac  re  cogitanti”  (fays  he)  obfer-- 
vatum  certe  Id  fult,  eo  citius  calefcere  ab  eodem 
« igne  corpus  quo  rarius  fuerit ; eo  lentius  autem 
refrigerari  calefaftum  femel,  quo  denfius  fuerit, 
eo  citius  refrigefeere  quo  rarius  erat.  Si  vas  acre 
“ plenum,  aliud  aqua,  utrumque  dein  eidem  calo- 
ri  exponitur,  erit  forte  aer  fie  calidus  millies  ra- 
rior  aqua  quoqueita  calida,  led  aqua  conceptum 
tanto  tardius  calorem  tanto  diutius  retinebit,  ut 
« aer  forte  millies  citius  refrigefcat. — f Sit  vas  ca- 
<*  vum,  parallelepipedum,  fupra  apertum,  ex  acre, 
aqua  repletum  cui  imponantur  vafa  cylindrica 
vitrea,  aequalia ; repleta  ad  eandem  altitudinem 
“ diverfis  pondere  liquidis  ; dein  fupponatur  ignis,. 

ut  aqua  intra  hoc  vas  afiidue  mota  aequabilif- 
« fime  incalefcat,  cernemus  nudo  oculo  liquidum 
“ livius,  adeoque  rarius,  citiffime  expand!,  den- 
“ fius  vero  multo  lentius ; quin  & thermofeopia 
“ impofita  idem  docebunt.  Calefcit  ocyffime  aer, 
dein  Alcohol,  Oleum  Pctrolei  liquidilBmum  po- 
*<  flea,  turn  Oleum  Terebinthinae,  moxaquapura, 
**  dein  aqua  falfa.  Lixivium  fortiflimum,  Metal- 
“ la,  Mercurius,  Aurum.”  And,  as  to  their  cool- 
ing, he  gives  us  a fimilar  experiment,  and  with  a 
like  fuccefs.  “ ij;  Si  enim  in  aqua  cbulliente  dlver- 
“ fa  pondere  corpora  tequaliter  inde  calefcunt, 

* Chem.  I.  p.  200. 

f Ibid.  p.  279. 

% Ibid.  p.  264. 
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« id  diutifiime  calidutn  manebitquod  ponderofin;'- 
“ mum,  id  citiilime  friget  quod  leve.  Quolquc 
*<  autem  hadtenas  penexperimenta  procedere  datur 
■**  regulafere  generalis  hxc  habetur;  vacuum  ior- 
“ ricellianum  calorem  in  eogenitum  una  memento 
amittit.  Aer  calefaftus  in  olla, citiffime  calorem 
conceptum  perdir,  Alcol  lentiore  gradu.  A** 
qua  diutius  quam  Alcol.  Argentum  Vivum  tar- 
“ dius  vero  codem  calore  refrigeratur.  Ita  inter 
“ folida  quoque,  lignum,  faxum,  metella,  iterum, 
equaliter  calefadta,  retinent  quefitum  calorem 
**  exadle  tanto  ferius.”  This  fcheme  of  bodies 
having  a faculty  of  preferving  their  temperature  in 
proportion  to  their  refpedfive  denfities,  is  illurtra- 
ted  from  fiindry  confiderations  by  Dr.  Muflehen- 
broek*,  who  reckons  them  up  in  this  order  f, 
air,  alcohol,  petroleum,  oil  of  turpentine,  rape- 
feed  oil,  diftilled  vinegar,  water,  fait  water,  aqua 
iortis,  oil  of  vitriol,  fpirit  of  nitre,  quickfilver. 

1 8-  I know  no  ftronger  inftance  than  this  of  the 
weaknefs,  or,  if  I may  venture  to  fay  fo,  of  the 
prefumptuoufnefs  of  the  human  underlfanding,  in 
pronouncing  too  haftily  concerning  the  nature  of 
things  from  fome  general  preconceived  theories. 
That  rule.of  bodies  acquiring  given  degrees  of  heat 
•or  cold,  cteteris  paribuSy  in  times  juft  reciprocally 

* Eft.  dc  Pbyf.  § 969. 

Ibid.  ^ 94P 
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proportional  to  their  denfities,  though  plaufihlc  j 
enough  in  theory,  I cannot  lind  to  be  true  in  fa£l.  I 
Air,  indeed,  is  heated  and  cooled  fooner  than  any  | 
other  fluid  I have  had  opportunity  of  trying,  though 
not  in  fuch  a different  proportion  as  its  extreme 
rarity,  compared  with  the  great  denfity  of  other 
fluids,  would  require.  And  water  is  flower  of 
heating  and  cooling  than  either  oil  or  alcohol ; 
but,  contrary  to  all  our  fine  theory,  quickfilver,  j 
the  mofl;  denfe  ordinary  fluid  In  the  world,  except-  ' 
ing  only  melted  gold,  is,  however,  the  mofl  ticklifli 
next  to  airj  it  heats  and  cools  fconer  than  water, 
oil,  or  even  retflilied  fpirit  of  wine  itfclf. 

Taking  about  15  ounces  of  mercury,  and  of 
this  w'eight  of  water,  fo  that  their  volumes  were 
pretty  equal,  I put  them  into  two  very  thin  glafles  j 
of  the  fame  fize  and  make,  with  a Tliermometer  j 
in  each  ; and  after  letting  them  (land  a good  time-  | 
in  the  cold  air,  till  both  Thermometers  pointed  * 
precifcly  gr.  46,  1 fet  them  down  at  the  fame 
time,  almofi:  clofe  to  one  another,  before  a great 
fire,  at  a confiderable  diflance  from  it,  but  fo  that 
the  heat  fhould  equally  a£I  upon  them.  And  in 
the  following  times  the  Thermometers  (which  in 
themfelves  were  very  like  one  another,  and  equal- 
ly ticklifli)  fliewed  the  refpeftive  fluids  to  be  heat- 
ed in  the  following  order ; 


Times. 
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Times. 


o or  bcgin- 

3 

6 

9 

1 2 

15 

i3 

21 

24 

27 

30 

33 

3^ 

39  The  fire 
42  ftirreJ. 

45 

48 

51 

54 

57 

60 


W ater  heating. 


46 

51 

57 

62 

66 

70 

73 

76 

77t 

79 

80 

8of 

81 

82 

84> 

S5 

87 

87i 

88 

88  i- 

89 
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gr.  46 

5^ 

06 

73 

78 

- ' 82 

84 
86 
864- 
87 
87 
87 
87 

83 

90 

92 

93  ^ 

93+ 

93+ 

93+ 

93 


Then  the  water  and  quickfilver  being  both 
brought  to  the  lame  temperature  of  gr.  59,  were 
at  the  fame  time  let  down  in  an  open  window, 
where  the  temperature  of  the  air  was  at  gr.  ^2  ; 
and  the  two  Thermometers  Ihewed  the  fluids  to 
cool  in  this  order: 


G2 


Times. 
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Times. 

Water  cooling. 

Mercury 

/ 

0 or  begin- 

gr.  8c) 

gr.  89 

3 

85  V 

81^ 

6 

82 

76 

9 

79 

72 

12 

76 

63 

’5 

73v 

65 

18  A tlafl 

701 

6i‘s 

21  of  air. 

68 

59t 

24 

66 

58 

27 

64  V 

57 

30  , 

63 

33 

62 

ssf 

Here  \re  fee  that  water,  inflead  of  acquiring  or 
lofing  a given  quantity  of  beat  13  or  14  times 
fooner  thati  quickfilver,  as  it  fhould  do  by  the  com- 
mon theory,  is  about  twice  fo  flow  in  heating  an<l 
cooling  than  what  mercury  was  found  to  be. 
Could  the  glafles  have  been  made  any  thinner, 
pcrlraps  the  mercury  would  have  appeared  to  cool 
ftiil  Ibmething  more  quickly.  And  as  the  fire  did 
not  atTt  equally  all  the  while,  you  find,  too,  fonie 
little  anomalies  occafioned  thereby. 

• 4 

As  this  experiment  differed  fo  widely  from  the 
common  opinion,  and  from  what  every  body,  to 
whom  I have  had  occafion  to  propofe  it,  expe<fled, 
I tried  it  over  again  with  the  fame  cautions,  but 
with  larger  volumes,  faking  near  48  ounces  of 
mercury,  and  3 ounces  of  water  j their  quanti- 
ties 
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ties  being  to  one  another  as  1 3 -^^  to  t ; and  fo  their 
volumes  pretty  equal.  And  the  refult  of  the  olv 
fervation  was  as  follows; 


Times. 

f 


Water  heating. 


Mercury  heatingr 


0 or  begin- 

gr.  48 

4 ning. 

52 

8 

r 

5 / » 

12 

63 

16 

68 

20 

72t 

24 

77 

28 

80 

3^ 

83 

3^ 

85 

40 

87 

44 

89 

48 

9* 

52 

92t 

93^- 

60 

94 

gr,  48 

58 

69 

78 

84  »- 

8yi 

9H 

95 

96^ 

91 

98 

99 
1 00 
100 
100 

99t 


They  were  both  reduced  to  the  heat  of  gr.  92, 
and  then  carried  into  the  air  of  the  temperature 
of  gr.  51,  and  cooled  in  the  following  order;  all 
the  while,  the  water  evaporating  3 little,  and  Lick- 
ing in  drops  to  the  fide  of  the  glafsr 


G3 
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73  . 


1 


Times. 

Water  cooling. 

VIercury  coolings 

/ 

0 or  begin- 

8^:  92 

gr.  92  ! 

■4  ning. 

88 

»5i  ■' 

8 

8-S 

80,  ; 

12 

82 

76  • i 

16 

79t 

• 72t 

20 

77 

69t 

24 

75 

67  ' 

28= 

73 

64t  1 ■ 

32 

7Jt 

62t  ' t 

35 

69^- 

61 

40 

68 

59^- 

44 

661 

58t 

4B 

65t 

57  ‘ 

52 

64t 

■-  s^t 

5^ 

63!: 

55t 

60 

62f 

S4t  > 

64 

54 

68 

61 

19.  As  oil  is  more  tenacious  thin  water,  many 
are  apt  to  think  it  will  be  flower  both  in  admitting, 
the  panicles  of  heat  and  fire,  and  in  cooling  or 
letting  them  go.  “ Omnes  Philofophi,’*  fays  Dr. 
Boerhaave*,  “ cenferent  olei  tenacitate  irretitum 
« ignem  longe  diutius  in  oleo  haefurum.”  And 
another  theory  will  lead  them  to  a new  opinion : 
when  they  confider  that  oil,  confiding  chiefly,  of 
fulphureous  particles,  will  therefore,  from  their 
notion  of  the  ISewtonian  obfervations  of  the  rays 

* Chetn.  1.  p.  263. 
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of  light  and  heat,  be  more  apt  both  to  attrad^ 
and  retain  the  heat  applied  to  it..  But  how  weak 
and  fallacious  are  all  our  fpeculations  concerning 
the  nature  of  things  not  thoroughly  well  under- 
ftood ! Dr.  Boerhaave,  in  dire£l  oppofition  to  this 
laft  theory,  makes  water  hoth  heat  and  cool  more 
flowly  than  oil ; and  that  exadfly  in  proportion  to 
their  refpedlive  denlities.  * “ Bina  vafa  aequalia. 
“ accepi,  quorum  unum  aqua,  oleo  implevi  oliva- 
rum  alterum.  Ambo  rcpofui  in  vafe,  in  quo 
“ feci  ebullircaquam,retinui  in  ilia  ebulliente  aqua, 
donee  certus  effem  utrofque  liquores  eodem  bul- 
lientis  aquae  gradu  aeque  calefados ; exemi  turn 
ex  eo  vafe,  repofui  in  eodem  ambo  acre,  ut  vi- 
“ derem  tempus,  quo  uterque  liquor  reducebatrur 
ad  eundem  refrigerationis  gradum  atque  inve- 
ni,  pro  ratione  ponderis  comparati,  prorfus  ae- 
“ quale.”  Nor  this  did  I find  exadtly  true.  Oil 
did  indeed  both  heat  and  cool  fafter  than  water; 
and,  contrary  to  all  the  theories,  even  much  fafler 
than  its  difference  in  fpecific  weight  fhould  have 
made  it.  Oil  of  olives  is  but  about  xV  lighter  than 
water  ; but  it  is  heated  and  cooled  fafier  in  a much 
greater  proportion.  That  excefs  is  not  indeed  al- 
ways the  fame,  or  near  the  fame.  It  does  not  fhew 
fuch  an  uniformity  of  difference  as  quickfilver  did. 
In  the  beginning  there  is  no  great  difference  ; then 
water  takes  about  ^ or  fo  more  time  in  acquiring 


* Clicm.  I.  p.  263. 
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or  lofing  given  quantities  of  heat  than  what  the  oil 
does  : but  in  the  progrefs  of  the  experiment,  the 
difference  becomes  always  greater  and  greater,  till 
towards  the  end  the  water  is  almoll  twice  as 
flow  in  heatinjrand  cooling  as  oil,  taking  the  times 
from  the  beginning  of  the  obfervationj  as  in  the 
following  experiments: 


Times. 

o or  begin- 
8 ning. 
i6 

24 

28 

32 

40 

44 

48 

5 2 the  fire  de- 

56  caying. 

60 

64 

68 

72 

76 


Water  heating. 

gr.  50 
54 

63 

71 

75 

79 

82 

85x 

88 

91 

94 

96 

99 

loi 

103 

104 
1044- 


Oil  heating. 

gr-  50 

54 
66  • 

78 


93 

96^ 

994r 

102 

JOS 

107 
109 
I I of 

1 1 1^ 


1 1 


And  both  being  brought  to  the  temperature  of 
gr.  108,  they  were  let  in  the  air  of  between 
50  and  51,  and  they  cooled  in  this  order  : 


Times. 
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Times. 

I 

o or  begin- 
4 ning. 

8 

12 

i6 

20 

24 

28 

32 

3^ 

40 

44 

48 

52 

5*5 

60 

68 

76 

84 


Water  cooling. 


gr.  108 
104 
100 
96f 

94 

pit 

88t 

86 

84 

82 

81 

79t 

78 

75 

74 

7it 

69t 

67t 


Oil  cooling. 

gr.  108 
102 
96 
90 
86 
8it 
77t 
74 

72 

7^ 

68 

66f 

65 

634- 

62t 

6it 

60 

fSt 

57t 


The  experiment  of  the  heating  and  cooling  of 
oil  was  repeated  with  the  following  fuccefs; 
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Times. 

/ 

o or  begin- 
4 ning. 

8 

12 
i6 
20 
. 24 
28 
32 

3^ 

40 

44 

48 

52 

60 

64 

68 

72 

80 

84 

88 

92 

96 


Water  heating. 

gf'-  45 
4Sr 
49 
524- 

57t 

614. 

^5 

684- 

7*4: 

744- 

77 

79 

81 

83 

844. 

86 

87  ■ 

88 

89 

9* 

92  . 

934- 

94t 

944: 

95 


Oil  heating. 

g^‘  45 
46 

54 

55t 
62 
69 

74 
784: 

824: 

86 
884- 

904- 

93 

95 

96 

97 

98 
98*- 

99 

IC04- 
IQ2 

*03 

I03t 

*03-1 

104 


I 

t 


Both  the  water  and  oil  were  brought  to  the 
heat  of  gr.  96,  and  placed  in  a large  roonn,  the 
temperature  of  which  was  about  gr,  45  j and  they 
cooled  in  this  order : 


Times 


COOLING  OF  BODIES.  83 


Times. 

f 

o or  begin- 

4 

8 

I 2 
1 6 
20 

24 

28 

32 

2^ 

40 

44 

48 

52 

5^ 

60 

68 

76 

84 

92 

100 
1 16 
122 
148 
180 
212 
244 
276 
340 


Water  cooling, 

gr.  96 

92 

89 

86 

sst 

8it 

79f 

77t 

75t 

74 

72i 

71 

<59t 

68 

67 

66 

^41- 

624. 

6it 

59^ 

58^ 

56 

54 

52t 

5o| 

49 

47^ 

- 47 
46 


Oil  cooling. 

gr.  96 
90 

85 

80 

76f 

73 

70 

6-i 

6st 

63t 

6it 

60 

sst 

S7t 

56f 


52^ 

S‘^ 

5'- 

5 of 

49 

48 

47t 

46^ 

4Si 

4Si 

45 

45 
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84 


The  heating  and 


20.  The  heating  and  cooling  of  water  and  rec- 
tified fpirit  of  wine  came  out  as  follows  : 


Times. 

/ 

Water  heating. 

Sp.  wine  heat- 
ing. 

0 orbegin- 

gr.  52 

S2t 

4 ning. 

53 

. 54 

8 

56t 

59t 

12 

61 

65t 

16 

6S 

7* 

20 

69 

76 

24 

73 

81 

28 

77 

85 

3- 

80 

88 

3^ 

83 

91 

40 

85f 

93f 

44  The  fire  de- 

88 

96 

caying. 

90 

97t 

5^ 

92t 

99t 

60 

94 

100 

64 

95 

100 

They  were  both  brought  to  the  heat  of  gr.  95 
and  expofed  to  the  open  air  of  the  temperature  of 
jTr.  57  or  58,  where  they  cooled  in  this  order; 


Times. 
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Tinies. 

/ 

o or  begin- 

4 

8 

12 

16 

20 

24 

28 

32 

3^ 

40 

44 

48 

52 

68 

«4 


Water  coolmg. 

pit  , 

88 

85 

82t 

80 

78 

76 

74 

72t 

71 

70 

69 

68 

65 

62^ 


Sp.  wine  cool- 
ing. 

9 St 
pot 
86 
82t 
79 

>7  ^ L 

/ 3 a 

73 

71 

69 

68-:- 

67 

66*. 

65 1 

64 
62 
60  J- 


Thus  we  fee  that  fpirit  of  wine  both  heats  and 
■cools  fafter  than  water,  and  that  in  a much  greater 
proportion  than  the  inverfe  ratio  of  their  Ipccific 
weight  does  require,  as  we  obferved  likewife  of 
oil.  But  ftill  quickfilver,  however  denfe,  is  more 
ticklifli  and  eafier  atFe£fed  by  heat  and  cold  than 
any  of  thefe  fluids.  Common  brandy,  upon  trial, 
1 did  not  find  to  differ  fenfibly  from  water  in  this 
refpeft. 

21.  The  fame  theory,  drawn  I fuppofc  from  the 
general  do^rine  of  the  Wr  itieriia  of  matter,  led 

ll  ' Dr. 
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Dr.  Boerhaave*  and  Dr.  MuiTchertbroek  f to  lay 
it  clown  as  a principle,  that  the  faculty  of  cooling  | 
other  bodies  was  in  proportion  to  the  denfity  of  the  | 
cooling  medium.  “ Corpora,”  fays  Boerliaave,  , 
“ qnx  ignem  jam  in  fe  continent  copia  majore,  | 
“ quam  arnbientia  fluida,  vel  vicini  corpora,  ilium  7 
ignem  amittunt  eo  citius,  quo  in  fluidum  denfius  i 
immittuntur  refrigerandi  caufa.  Quod  ita  intel-  ■ 
“ ledum  velim.  Sit  aer,  aqua,  argentum  vivum,  | 
« in  vafis,  ejufdem  accurate  temperiei  in  omnibus 
his.  Edo  turn  igniti  ferri  frudum  triplex  aequale 
perfede  ignitum.  Unum  horum  trium  relin- 
“ quatur  in  acre  notatoe  temperiei,  immergatur 
fecundum  in  aquam  accurate  tarn  frigidam  quam  ■ 
<<  aii'r  hoc  tempore.  Tertium  vero  intrudatur  in  ‘ 
argentum  vivum  etiam  aeque  frigidum  ac  prio- 
“ res,  aer  et  aqua.  Qu,id  fiet  in  raro  acre 
“ ferrum  diu  retinebit  fuum  calorem,  in  aqua  ci- 
tlus  amittet,  in  argento  vivo  citiflime.  Et  qui- 
dem  videtur  in  ilia  aqua  fere  tanto  refrigerari 
“citius,  quanto  haec  acre  denfiorj  adeoque  oo 
“ tingenties  ocyus.  In  argento  vivo  forte  quater- 
“ decicj  citius,  quam  in  aqua.” 

22.  Neither  does  this  fpeculatlon  come  out  true 
in  fad.  The  times  of  bodies  cooling  in  thefe  dif- 
ferent fluids  do  by  no  means  differ  fo  much  as  is 
commonly  imagined.  Inftead  of  8oo,  a body  cools 


* Chem.  I.  p.  267. 
f EIT,  de  Phyf.  § 567. 
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but  about  8 tiiues  faftcr  in  water  than  In  air.  And 
the  refrigerating  virtue  of  quickfilvcr  was  found 
jnftead  of  14  timcb  greater  than  that  of  water,  to 
be  a very  fmall  matter  fo,  as  about  2 feconds  or  lo 
in  a minute. 

Air,  water,  and  quickfilvcr,  being  all  brought 
to  the  common  temperature  of  gr.  52j  I placed 
fuccclTively  in  [hcfe  fcveral  fluids  a fmall  Ihermo- 
meter  that  had  always  been  heated  to^r.  i 1 2 ; and 
carefully  obfervcd  the  times  wherein  it  loft  56  de- 
grees of  heat,  or  wherein  the  mercury  funk  to  gr. 
56  on  the  fcale,  which  was  within  4 degrees  of  the 
heat  of  the  furrounding  mediums.  And  by  four 
different  trials  the  refrigerations  came  out  thus; 


/ u 

/ // 

/ // 

/ n 

In  Air  - 8^5 

8:30 

8:20 

8:2^ 

In  Water  - 1:04 

1:03 

1 :si4 

1:04 

In  Q^ickfilver  1 ;oo 

1:03 

i:or 

T:o2 

23.  This  do£lrineof  the  beating  and  cooling  of 
bodies,  in  all  its  Lveral  branches,  fhould  be  carried 
on  by  a variety  of  experiments,  which  I have  nei- 
ther leifure  nor  opportunity  of  profecuting  at  this 
time.  So  that  I muft  leave  it  to  others,  whofe  fl- 
t nation  is  more  favourable  for  making  the  ncceffary 
obfervations  for  eftablifliing  and  perfe(fling  that 
doctrine,  to  which  I have  only  been  able  to  furnifii 
Ibme  helps. 
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92  The  VARIOUS  DEGREES 

lower  kind,  and  altogether  diflinft  from  the  heat 
of  animals.  And  this,  too,  they  diflinguiflied  int(^ 
natural  and  preternataral,  or  morbid,  as  forts  of 
heat  quite  different  from  one  another.  And  thofe,. 
too,  they  reckoned  of  different  natures  in  the  dif- 
ferent fpecies  of  animals.  Do(ftrines  and  ways  of 
fpeaking  of  this  fort,  fet  up  by  the  Peripatetic 
fthool,  and  too  much  adopted  by  Galen  and  the 
phyficians  after  him,  continued  long  in  the  world;, 
and  were  alfo  countenanced  by  the  chymifts,  thefe 
philofophi  per  iguenty  who  profeffed  and  valued 
themfelves  on  a more  than  ordinary  knowledge  of 
the  fecrets  and  operations  of  heat. 

2.  Gomez  Pereira,  who  was  among  the  firfl:  that 
dared  to  think  freely  in  philofophy  as  well  as  phy-- 
fic,  ventured  to  affirm  ♦ all  heat,  whether  of  an< 
elementary,  igneous,  or  animal  kind,  to  be  of  one 
and  the  fame  nature  ; that  the  heat  of  the  fun,  or 
any  other  elementary  heat,  did  not  differ  froprt 
that  of  animals  but  in  degree;  and  that  the  heaf 
of  a man  in  a fever  differed  only  by  its  excefs  from 
that  of, a man  in  health;  and  that  the  hears  of 
other  animals  did  not  differ  fpecifically,  but  only 
in  quantity,  from  one  another,  or  frotn  that  of  the 
human  kind. 

* Nov.  Med.  cap.  It.  p.  7,  9.  cap.  tii.  p.  12,  lyv 
20,  13, '24,  25. 
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3.  The  learned  Telefius,  though  he  was  fenfible 
©f  the  great  variety  of  the  degrees  of  heat  in  bo- 
dies, thought  that  the  determining  them  and  alcer- 
taining  their  differences  to  be  almoft  impofhble. 
So  that  he  declines  taking  the  trouble  of  any  fuch 
im^uiry.  “ Qui  calor,”  fays  he  *,  “ vcl  quantus, 
“ & -quae  ejus  copia,  & quae  entia  in  qualia  inver- 
“ tat  minime  inquirendum  videtur,  ut  quod  ho- 
“ mini  nulla,  ut  nobis  videtur,  innotefccrc  queat 
“ ratione.  Qiii  enim  vel  caloris  vires,  & calorem 
“ impfum  veluti  in  gradus  partiri,  vel  materiae,  cui 
“ ini'irus  eff,  copiam  quantitateinque  diftindte  per- 
“ cipere,  & certis  determinatifqtie  caloris  virlbus 
copixque  in  certam  materia?  quantitatem,  dipo- 
fitionemque  certas  a6liones;  & certac  materiae 
“ quaniitati  certam  dcterminatamque  caloris  copi- 
“ am  allignare  liceat  r” 

The  puiTmt  however  of  all  this  he  recontmends 
to  others,  as  being  in  itfelf  of  very  great  confe- 
quence.  “ Utinam  id  alii  & perfpicac iori  prxditi 
“ ingenio,  & quihus  in  fumma  tranquillitate  re- 
rum  naturam  perlcrutari  licuerit  afl'cquantur; 
“ ut  homines  non  omnium  mode  feientes,  feil  om- 
nium  fere  potentes  fiant.'’  So  fond  would  he 
have  been  of  the  ways  of  meafuring  heat  fouml 
out  fince  that  time.  Though  for  his  own  lhare  he 
abfolutely  defpairs  of  doing  it,  efpccially  with  any 
tolerable  accuracy.  “ Nobis  ut  ingenue  fateanuir 

* Dc  Rer.  Nat.  i.  1 7. 
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“ cralTiore  ingenio  donatis,  & quibus  non  nifi  ex- 
trcnium  vitsc  fpatium  philolophari  licueritj  mi- 
n’uneqiie  id  moleftiis,  curifque  vacuis  fatis  fitj 
“ fi  qui  quantufque  calor,  quain  molein,  qua  do- 
net  difpodtione  intueri  liceat  Et  non  exqulfite 
“ id  quidem,  diftinfteque,  fed  rudiore  & confufo 
“ quodam  modo,  nec  lingulas  caloris  di91;rentias, 

“ quae  innumerje  & roboris  8c  copiae  fui>t;  nec 
“ materiae  confpidationesdiverfitatemquepercipere 
potentibus,  fed  perpaucas  utriufque  & confufe 
« iilas,  indiflindleque.” 

4.  The  nature  of  heat  my  Lord  Verulam  feems 
to  have  confidered  with  more  than  ordinary  atten- 
tion j and  gives  his  dodrine  de  forma  calidi  *,  by 
way  of  example  for  managing  philolbphical  fubi 
je£ls.  And  he  found  all  the  various  heats  not  to 
differ  in  kind,  but  in  their  various  intcnfitles,  du- 
rations, and  other  modifications  and  accidents  f; 

ij.  Saniflorio’s  Thermometer,  given  out  to  the 
vvorld  about  that  time,  fluewed  all  kinds  of  Eeat 
to  have  a fimilar  effedb  in  dilating  the  air  ; accord- 
ing to  whofc  various  expanfions,  the  various  in- 
tenfities  of  thofe  heats,  of  whatever  kinds,  were  to- 
be  judged.  The  fame  was  loon  found  to  hold  in 


* Nov.  Orlg.  II.  II,  12,  13,  18,  20. 
f Ibid.  p.  189,  196,  197,  200,  206,  208,  220r 
252*  253>  254- 
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other  fluids.  And  at  length  the  firmed:  bodies 
thcmlelves  were,  by  undeniable  proofs,  found  to 
Twell  by  the  application  of  heat  of  any  fort.  And 
from  the  various  degrees  of  thofe  dilatations  alone 
ve  mufl:  take  our  nieafures  of  the  various  degrees 
of  heat  in  bodies. 

6.  But  where  fliall  we  begin  to  reckon  the  heat 
of  bodies,  or  their  greateft  natural  contradlions, 
or  the  limits  of  heat  and  cold  ? Many  things, 
when  firfl;  propofed,  look  Angular  and  odd,  that, 
after  laying  afide  prejudices,  and  by  mature  con- 
fideration  become  familiar  and  eafy,  and  of  the 
truth  of  which  we  comeat  length  to  be  fully  latis- 
Aed.  We  commonly  conceive  water,  when  once 
frozen  and  turned  to  ice,  to  have  loft  all  heat, 
and  fo  to  have  become  abfolutcly  cold;  on  which 
account  many,  philofophers  did  too  haftily  begin 
their  reckonings  of  heat  from  this  point.  But  as 
various  fluids,  fuch  as  melted  wax,  melted  tallow, 
oil,  wine,  brandy,  ^c.  lofe  their  fluidity  at  various 
degrees  of  heat,  and  after  that  may  ftili  grow 
colder  and  colder  in  their  firm  ftate;  juft  fo,  after 
water  begins  to  freeze,  we  know  from  many  con- 
flderations  it  can  become  fl:ll  much  colder.  That 
is,  that  in  freezing  water  there  is  flill  a confiderable 
quantity  of  heat  -,  which  by  degrees  grows  lefs  and 
lefs,  till  the  cold  becomes  intolerable  to  us  mor- 
tals-, as  in  the  dead  of  winter  in  the  northern  in- 
.temperate  climates,  where  men  cannot  live  without 

more 
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more  than  ordinary  fhelter  from  the  ejttreme  fevc- 
rity  of  the  weather.  The  air  is  oftentimes  as  much 
colder  than  water  beginning  to  freeze,  as  fuch 
water  is  colder  than  our  fumraer  weather.  VVe 
reckon  it  warm  when  the  fluid  in  the  Thermome- 
ter is  ralfed  to  gr.  64,  it  is  at  gr.  32  when  water 
freezes;  and  fuch  colds  have  been  often  feen  as  to 
bring  it  down  to  gr.  o,  the  beginning  of  the  fcale, 
nearly  the  cold  produced  by  a mixture  of  fnow 
and  fait. 

7.  Not  as  if  this  was  the  loweft  degree  of  heat, 
or  the  greateft  degree  of  cold  that  nature  has  ever 
been  obferved  to  produce  on  our  earth,  as  Dr. 
Boerhaave*  feems  to  think,  and  which  hef, 
though  I know  not  on  whofc  teftimony,  tells  us 
was  the  greateft  cold  that  was  obferved  in  Iceland 
in  the  cold  winter  of  1 7o|-.  The  cold  has  been 
fometimes  felt  as  great,  or  near  as  great  as  this  in 
climates  ordinarily  temperate  enough,  and  certain- 
ly much  warmer  than  what  we  have  reafon  to  be- 
lieve the  bleak  cold  country  of  Iceland  to  be.  At 
Germanopolis  in  Pennfylvania,  only  in  the  latitude 
40®,  I73f,  the  cold  brought  the  mercury  to 

gr.  5 %.  In  the  famdus  winters  170I  and  17 if, 
the  cold  at  Paris  was  fuch,  that  it  would  have 

* Chem.  I.  p.  162,  164,  166,  399,  400,  593. 

\ Ibid.  p.  158,  166,  174. 

\ Aft.  Berolin.  Cont.  IV.  p.  130. 
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brought  down  the  mercury  in  our  Thermometer 
At  Leyden,  172-^,  it  funk  to  gr, 
5 t,  and  at  Utrecht  it  fell  a divifion  loweri.  At 
London,  in  the  winters  i7o|-,  and  I73v>  the  cold 
was  fo  violent  as  to  bring  the  fpirits  almoft  down 
to  the  artificial  cold  of  an  ice  and  fait  mixture  H : 
and  ati.  170^  Mr.  Roemer  **  at  Copenhagen,  in 
the  latitude  of  55  deg.  43  min.  found  the  mer- 
cury in  his  Thermometer  to  fall  fully  thus  low,  to 
wit,  to  gr.  o If. 

8.  But  if  we  go  farther  north,  though  not  fo  far 
as  Iceland,  we  lhall  meet  with  much  greater  colds 
than  any  thing  ever  feen  in  thefc  countries.  In 

^ Mem.  Acad.  Sc.  171c,  p.  186.  1717,  p.  3. 

f Boerh.  Chem.  I.  p.  13  8. 

J Mufl'chenbr.  in  Phil.  Tranf.  423.  p.  339. 

H Derham  in  Phil.  Tranf.  Abr.  IV.  2.  p.  113.  VL. 
2.  p.  50. 

**  Vide  Boerh.  Chem.  I.  p.  720. 

Dr.  Boerhaave  fpeaks  of  this  remarkable-obfer- 
vation  of  Mr,  Roemer  as  made  at  Dantzick.  But  1 
rather  think  it  to  have  been  made  at  Copenhagen. 
Dr.  Derham  (fee  Phil.  Tranf.  Abr.  IV.  2.  p.  114.) 
had  papers  in  his  hands  giving  an  account  of  this  very 
frofl:  an.  170-^  at  Copenhagen,  faid  to  be  taken  from 
the  obfervations  of  Mr.  Roemer  : and  Mr.  Roemer 
was  a Dane,  lived  and  bore  high  offices  at  Copenha- 
gen, and  died  there  an.  1710.  However,  in  the  main, 
ihis  does  not  at  all  alter  the  llory  with  refpeft  to  us, 
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January  1732  the  cold  was  fo  great  at  Upfal,  that  H 
it  brought  the  fpirit  of  wine  in  one  of  the 
Society’s  Thermometers  down  to  gr.  1 24,  which  ^ 
falls  about  a degree  below  gr.  o in  Fahrenheit’s.  4 
And  at  Peterfburgh  in  the  latitude  only  of  59"  56’, 
much  the  fame  with  that  of  Upial,  an.  173-^?  the  |B 
cold  was  fo  exceflive,  that  quickfilver  was  by  it  T 

contraaed -j-V  part  of  the  bulk  it  had  in  boiling  jj 

water,  or  to  fall  to  gr.  200  in  De  i’llle’s  'Fhermo-  ■ 
meter  which.brings  it  to  — gr.  28  in  ours.  We|« 
know  in  general,  from  the  accounts  of  travellers,  3 
what  intenfe  colds  rage  in  winter  in  many  places  fl 
of  the  world,  and  efpecially  in  or  near  the  frigid  » 
zones  in  both  hemifpheres.  But  we  have  few  ob- 
fervatlons  on  record  exadly  limited  or  reduced  to. I 
a determined  meafure.  However,  in  M.  de  Mau-  I 
pertius’sf  accurate  journal,  we  find  that  the  French  J 
academicians,  who,  in  purfuit  of  knowledge,  audll 
to  determine  that  important  queftion  of  the  figure! 
of  the  earth,  wintered  an.  173^  at  the  north  polar! 
circle,  experienced  a degree  of  cold  much  greater! 
than  any  thing  we  find  meafured  and  recorded  by  - 
Others.  At  Torneao,  in  the  latitude  of  65®  51% 
even  on  this  fide  that  circle,  their  fpirit  of  wine 
Thermometers  came  at  length  to  be  frozen,  and  a 
mercurial  one  con{lru£led  in  Mr.  de  Rcaumur’si 
way  funk  to  gr.  37  under  his  freezing  point,  which 

t Phil.  Tranf.  441*  P*  222* 

•J  Fig.  de  la  Terre,  p.  58. 
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would  have  been  about  33  divifions  below gr.  o in 
Fahrenheit’s.  When  that  intenfe  cold  was  fud- 
denly  admitted  into  their  warm  rooms,  their  bodies 
could  hardly  I'ufFer  it,  their  breads  were  as  if  they 
had  been  rent,  and  the  moifture  of  the  air  was  in 
an  inftant  converted  into  whirls  of  fnow.  This  is 
a degree  of  cold  as  much.below  the  cold  of  freez- 
ing water,  as  that  is  below  the  ordinary  heat  of  our 
fkin : for  it  is  33+32=65  divifions  below  the 
freezing  point  at  gr.  32,  and  the  heat  of  the  hu- 
man Ikin  at  gr.  97,  is  juft  fo  much  above  it. 

9..  To  find  a- cold  fo  far  below  that  of  freezing 
water  is  certainly  very  furprifing:  and  yet  a greater 
than  this  alinolt  inconceivable  degree  of  cold,  may 
by  art  be  procured  in  lefs  rigid  climes:  for  we 
can  contrive  a method  of  cooling  much  beyond  the 
ordinary  tendency  and  courl'e  of  nature.  INIany 
things  when  mixed  together  immediately  become 
vaftly  colder  than  formerly,  when  they  fubfifted 
diftincf  from  one  another-  Spirit  of  nitre  poured 
on  beaten  ice  or  fnow  brings  on  a very  intenfe 
cold.  Thefe,  when  their  temperature  and  that  of 
the  air  was  but  about  gr.  32  above  gr.  o,  the  in- 
genious and  induftrious  Fahrenheit,  by  an  artful 
management,  cooled  fo  much  that  the  mercury  in 
the  Thermometer  funk  to — gr.  40,  or  72  divifions 
below  the  freezing  point"* ; a degree  of  cold  great- 

* See  Boerh.  Chem.  I.  p.  162.  Muflehenbr.  Tent. 
Exp.  Acad.  Cim.  Ad.  p.  174. 
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er  than  what  was  felt  in  the  neighbourhood  of  the  -d 
polar  circle  : and  this  is  as  much  below  the  cold  |j 
of  free2ing  water,  as  that  is  below  the  heat  of  our  ll 
hotteft  animals,  or  of  men  in  fevers.  No  body  N 
would  have  thought,  a priori^  that  freezing  ice  was^ 
capable  of  fuch  an  additional  quantity  of  cold.  I 

1 o.  Nor  are  we  abfolutely  fure  that  yet  in  thefe  I 
circumftances  all  heat  was  deflroycd.  Even  in  ■ 
that  horrid  and  moft  bitter  cold  at  'rorneao,  which  I 
the  French  mathematicians  mention  with  To  mucliB 
horror,  we  are  fure  there  was  ; and  likewife  even  I 
in  that  exceHlvely  cold  mixture  of  Fahrenheit  there  m 
might  ftill  be,  and  probably  there  was,  fome  do- 1 
gree  of  heat.  What  if  there  was  a concourfe  ofl 
I'uch  frigorihc  circumftances?  If  Fahrenheit’s  cx-  1 
periment  was  to  he  matlc  in  the  frigid  zone,  what  1 
would  bethe  eflefl,  and  what  a dreadful  cold  might 
by  that  means  be  produced?  * So  then,  for  want  * 

of»; 

* When  I was  lately  at  Paris  there  were  put  into  my  » 
hands  fomc  very  extram'dinary  obfervations,  commu-  | 
nicated  to  the  Koyal  Academy  of  Sciences  by  Mr.  Do  . 
I’lfle  at  Peterfljurgh,  of  exctfiive  colds  at  Kirenga  in  j, 
Siberia,  a place  not  very  far  north  neither,  lying  in 
the  latitude  only  of  58°,  10'.  There  in  the  winfer 
J73I  the  mercury  once  fell  to^r.  275  in  De  ITfl'e's 
Thermometer,  which  by  calculation  I find  fliould  be 
^r.  1 1 8 below  the  beginning  of  the  fcale  in  ours.  This,^ 
if  there  be  no  miftakc  lathe  affair,  is  the  moft.  aflonifh- 

fn^ 
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of  knowing  the  ultimate  limits  of  heat  and  cold 
■we  cannot  determine  the  geometrical  proportion 
of  the  real  or  abfolute  quantity  of  the  heat  of  one 
body  to  that  of  another.  All  we  fiiould  pretend- 
to,  is  to  afiign  their  arithmetical  differences;  which 
is  a very  ufeful  work,  and  is  to  be  done  by  a great 
number  of  accurate  obfervations  on  the  variou-s 
expanfions  of  bodies  by  the  various  degrees  of 
heat ; thefe  expanfions  always  correfponding  in 
fome  meafure  to  the  quantities  of  fire  or  heat  ap- 
plied. So  that  we  fliall  in  the  ordinary  way  fpeak. 
of  thefe  things  as  proportional  to  one  another. 
Though  I would  not  be  underftood  pofitively  to 
affirm  that  they  both  go  on  always  precifely  in  the 
fame  ratio ; or  that  the  expanfions  were  always 
exaftly  in  a ratio  neither  greater  nor  lefs  than  the 
limple  ratio  of  thp  quantities  of  the  applied  heats.  - 

II.  When  people*  tell  us  that  red-hot  iron  is'-^ 
q or  4 times  hotter  than  boiling  water,  and  that 
boiling  water  is  about  3 times  hotter  than  the  heat 
of  our  fkin,  or  of  the  fummer  heat,  they  generally-' 
leckon  the  loweft  limits  of  heat  to  be  where  wa- 

jng  thing  I ever  met  with  of  the  kind.  It  fuppofes 
cold  1 50  degrees  below  the  freezing  point,  almoft  ani 
incredible  thing  i a cold  as  much  below  the  cold  of; 
freezing  water,  as  that  is  below  the  heat  of  boiling' 
fpirit  of  wine. 

* Vid.  Newton  Princip.  p.  508.  & in  Phil.  Tranf, . 
Abr.  IV.  2.  p.  2,  3.  Pitcarn.  El.  Med.  11.  i.  ^ 26^- 
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ter  begins  to  freeze ; and  thence  found  the  addi'- 
tional  dilatations  of  quickfilwr,  or  of  lint-feed  oil 
(or  of  any  other  fluid  that  may  be  ufcd  in  fucli  -j 
Thermometers)  to  be  in  thefc  proportions;  though  ^ 
the  abfolute  or  real  quantities  of  heat  in  thele  bo*.  , 
dies  do  not  difiVr  fo  much  by  far,  as  they  by  that  ^ 
j-niftaken  way  of  reckoning  computed.  Thus  boil-  ( 
ing  water  indeed  raifcs  the  mercury  in  the  Ther>.  | 
mometer  to  gr.  212,  that  is  180  divifions  above 
gr.  32,  the  heat  of  freezing  water,  while  the  heat 
of  the  human  body  is  but  about  gr.  97  or  y8,  on- 
ly 65  or  66  degrees  above  the  freezing  point.  And 
therefore  the  dilatation  acquired  from  that  point  ■, 
by  the  heat  of  boiling  water,  to  the  dilatation  ac- 
t^uired  by  the  heat  of  our  body,  is  in  the  propor- 
tion of  180  to66,  or  2’73  to  i ; which  is  fome*-  | 
thing  Itfs  than  triple.  But  the  real  heats  of  thefe 
things  are  hill  lefs  differing  from  one  another. 
Suppofe,  for  example,  Fahrenheit’s  ice  andfpirit  of  ' 
nitre  mixture  of — gr.  40  had  been  at  the  loweft  > 
boundary  of  heat,  (though  there  is  great  reafon  to  ' 
think  that  to  be  ftill  much  lower),  and  then  we  , 
lhall  find  that  the  heat  of  boiling  water  fbould  be  ; 
to  that  of  our  bodies  only  as  212+40  to  98+4©,  '• 
or  252  to  138,  or  1*83  to  i : that  is,  not  fo  much  ‘ 
as  double.  Who,  before  fuch  a particular  exami-  . 
nation,  would  have  thought  the  burning  deflroying 
lieat  of  boiling  water  not  to  be  altogether  twice  fo 
great  as  the  foft  temperate  heat  of  a man  in  health  ? 
And  upon  the  former  reckoning  of  red-hot  iron, 

its 
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its  heat  fliould  be  to  the  heat  of  our  fkin  inflead 
of  lo  or  12  to  I,  only  as  about  700  to  138,  or  5 
to  1.  So  that  by  thus  bringing  down  the  limits  of 
heat  at  lead  72  degrees  below  the  ordinary  rec- 
koning, we  find  its  varioiis  chara£lers  as  froji^  tern- 
pcratCi  wann^  tapid^  boilitig  water ^ red  Ix/t  iron,  &c. 
whatever  their  arithmetical  diltances  come  out  to 
be,  are  not  fo  different  in  their  real  proportions  to 
one  another,  as  is  commonly  fiippofed.  Though, 
on  the  other  band,  I would  not  affirm  them  to  dif- 
fer fo  little  as  Mr.  Amontons  * reckoned.  In 
whofe  fcheme  the  air  iliould  entirely  lofe  its  elafti- 
city,  when  it  is  perfectly  devoid  of  heat  (of  which 
however  I think  we  are  not  well  affured)  and  then 
in  fuch  a Total  abfence  of  beat,  were  it  poflible  to 
procure  it,  reducing  his  numbers  to  ours,  the  mer- 
cury in  Fahrenheit’s  Thermometer  fliould  fall  431 
divifions  below  the  cold  of  freezing  water,  or  to 
— gr  400  p.  q.  a degree  of  cold  as  much  below 
the  heat  of  the  human  body,  as  that  is  below  the 
burning  heat  of  oil  or  mercury  boiling.  But  as  we 
are  not  quitecertain  about  thisloweff  degree  of  heat, 
we  muff,  as  I juff  no\^^Jaid,  content  ourfelves  to  ob- 
ferve  the  arithmetical  differences  of  the  various  de- 
grees of  heat  in  bodies,  though  we  Ihould  not  be 
able  to  determine  their  real  or  abfolute proportions, 
until  we  lhall  acquire  a farther  infight  into  the  na- 


* Hift.  Acad.  Sclenc.  170a.  p.  8.  Mem.  1703,  p. 
63,  64,  238. 
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ture  of  things  than  we  have  at  prefent.  ' It  is  goodt  I 
to  know  the  narrow  limits  of  our  faculties,  and''! 
modeftly  to  confefs  the  bounds  of  our  knowledge;  - 1 
ever  keeping  in  mind  that  excellent  axiom  of  the 
Lora  Verulam  *,  “ Homo  natur*  minifter  & in— 

«<  terpres  tantum  facit  & intelligit  quantum  deor- 
« dine  naturae  opere  vel  mente  obfervaverit : nec^ 

« amplius  feit  aut  poteft.”  It  muft  be  by  this^ 
road  of  experience  and  obfervation,  pointed  out  to^ 
us  by  the  great  Lord  Chancellor,  if  ever  we  arrive.-* 
at  a- higher  degree  of- knowledge  than  what  we  attj 
prefent  enjoy. 

II.  Of  the  Heat  of  the  Air. 

12.  In  our  fearchf  after  the  loweft  degree  of* 
heat,  though  we  could  not  arrive  at  it,  we  found 
however  in  fome  feafons  and  parts  of  the  world  ; 
excefTively  great,  and  as  it  were  monftrous  degrees  ‘ 
of  cold  ; and  which  the  inhabitants  of  the  earth 
can  fcarcely  bear  ; they  are  intolerable  both  to  ani-  - 
mals  and  vegetables.  'Flie  quarters  of  the  earth,,  ’ 
within  the  polar  circles,  were  thought  by  the  an- 
cients to  be  uninhabited  by  reafon  of  the  excefs  ofn 
cold  prevailing  there,  awiMToi  • 


* Nov.  Orig.  I.  i; 

f 5 6 10. 

J Diog.  Laert.  VII.  156.’ 
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Prlgus  iners  tU'ic  habltaty  pallorque^  trenxoifque^  as 
jejima  fames. 

« Quia,”  (fays  Macroblus*),  » torpor  ille  glacialis 
nec  aniniali  nec  frugi  vitam  miniftrat.  ’ 

Pigris  ubi  nulla  campis 
Arbor  ajltva  recreutur  aura  f. 

And  indeed  thefe  bleak  wild  parts  of  the  world, 
though  not  quite  waftc,  are  but  thinly  peopled. 
And  no  wonder.  There,  and  in  other  difadvan- 
tagcoufly  fituated  places,  where  fuch  intolerable 
colds  chiefly  rage,  men  muft  Ihelter  themfelves  in 
clothes  and  houfes.  The  beafts  of  thefe  countries 
are  many  of  them  provided  by  nature  with  a thick 
warm  covering  ; or  mull  retire  the  befl  way  they 
can  from  the  killing  colds  of  winter,  which  how- 
ever often  overtake  them.  The  very  vegetables 
themfelves  would  die  were  they  not  commonly  in 
thefe  fealbns  buried  under  fnow  to  fuch  great 
depths,  as  the  extreme  feverity  of  the  cold  cannot 
reach.  In  bitter  black  frofls  we  often  experience 
the  fatal  effects  of  the  w'ant  of  this  fhelter  and 
protedlion,  even  in  the  humbler  tribe  of  vegetables. 
And  though  there  be  plenty  of  fnow,  the  trees 
and  higher  Ihrubs,  that  are  not  covered  by  it,  arc 
great  fufferers  in  the  extraordinary  fevere  winters, 

* In  Somn.  Scip.  II.  5.  p*  m.  IIO. 
f Horat.  Carm.  I.  22. 

even 
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even  in  the  more  happy  anti  otherwife  more  tern-  | 
perate  countries.  As  has  been  often  feen,  and  in  ' I 
our  own  days  was  experienced  through  ail  Europe  I 
in  the  years  lyo-^,  when  the  Ther- 

mometers pointed  thefe  low  degrees  of  heat  we 
had  formerly  occafion  to  mention. 

13.  But  thefe  and  fuch  like  exceflive  colds  are 
in  thefe  parts  of  the  world  juftly  looked  on  as  a . 
fort  of  irregularities,  and  out  of  the  ordinary 
courfe  of  things.  In  thefe  temperate  climates  of 
ours  the  mercury  feldom  falls  under  16.  And 
even  then  it  is  extraordinary  cold.  And  indeed 
we  are  apt  to  reckon  it  very  cold  at  gr.  24.  By 
the  very'  conftru£lion  of  the  Thermometer  it  is  | 
flight  froft  at  gr.  3 2 : and  continues  coidifli  to  gr.  ' 
40,  and  a little  above  it. 

1 4.  The  middle  temperature  of  our  atmofphere 
in  thefe  countries  is  about  48,  when  we  cannot 
call  dte  weather  either  hoforcold  j and  is,  as  it 
Were,  a medium  of  all  the  feafons,  coinciding  pret- 
ty nearly  with  the  middle  vernal  and  autumnal 
heat,  as  obferved  in  England  by  Sir  Ifiac  Newton, 
and  Dr.  Hales,  and  by  INlr.  Crucquius  in  Holland. 
The  French  raife  this  middle  temperature  a little 
higher.  They  reckon  it  equal  to  the  heat  of  the 


* Phil.  Tranf.  Abr.  IV.  2.  p.  T20,  &c.  Mem.  Ac,. 
5c.  17  to,  p.  i86.  Hales  Veg.  Stat.  p.  74,  &c. 
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cave  of  their  Royal  Obfervatory  : and  thl^  both  by 
obfervation  and  a caicul,  comparing  it  with  Mr. 
Amontons’s  Thermometer,  1 find  to  be  at  gr,  53  in 
R.oeiner’s.  And  indeed  this  middle  temperature  of 
the  air  we  may  ealily  conceive  to  be  very  different 
in  different  countries.  It  is  to  be  reckoned  as  a 
relative  fort  of  thing,  varying  according  to  the 
various  climates  and  conftitutions  of  bodies  in 
them,  which  by  ufe  come  to  be  fitted  to  different 
temperatures.  In  the  cold  countries  the  air  will 
be  found  agreeable  enough  to  the  inhabitants  while 
it  is  betwixt  gr.  40  and  50.  In  thefe  .niddle  cli- 
mates in  our  neighbourhood,  and  not  too  far 
fouth  of  us,  we  are  befl  pleafed  with  the  heat  of 
the  air  from  a little  under  gr.  50  to  gr.  60  j while 
in  the  hot  countries  they  have  their  air  generally, 
and  can  well  bear  it,  fomething  both  above  and  be- 
low gr.  70. 

15.  When  the  heats  in  the  refpe£llve  climates 
are  either  much  higher  or  much  lower  than  thefe, 
both  men  and  beafts  are  fain  to  provide  againft 
them  the  beff  way  they  can.  In  the  cold  they 
fhelter  themfelves  in  houfes,  dens,  holes  of  the 
earth,  and  the  human  kindbefidethat  provide 
for  themfelves  clothes  and  fires,  to  protedl  them 
from  the  feventy  of  the  weather.  In  the  heats  we 
lay  afide  our  clothes,  or  take  to  the  lighteft  fort; 
we  fhun  the  mid-day  air,  and  retire  to  the  cooleft 
places ; for  in  the  day-time  it  is  generally  warmer 
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in  the  open  air  than  in  houfes.  And  fome  of  the 
bird  kind  chufe  to  ftiift  their  country  in  the  diffe- 
rent Icafons  of  the  year,  finding  always  by  this 
means  a temperate  enough  climate  for  their  con- 
(litution. 

1 6.  But  the  fame  degree  of  heat  is  not  equally 
fitted  to  all  animals.  Some  kinds  naturally  chufe 
a cold  country,  while  others  indulge  themfelves  in 
a warmer  climate,  and  find  that  better  fitted  to 
their  conffitutions.  And  fo  too,  though  with  Dr. 
Hales  * we  fliould  deem  the  moft  genial  heat  for 
the  generality  of  plants  to  be  from  gr.  53  togr. 
69,  the  various  claffes  of  vegetables  have  their  va- 
rious temperatures  of  the  air  in  which  they  can 
thrive  beft.  Every  body  knows  that  fome  plants 
can  live  only  in  the  cold  countries,  being  burnt  up 
if  tranfplanted  to  a more  fouthern  foil ; while  the 
natives  of  the  warm  countries  are  chilled  to.death 
with  us,  if  not  very  carefully  and  artfully  protect- 
ed from  the  injuries  of  our  feverer  weather.  This 
piece  of  culture,  propofed  long  fince  by  the  great 
Lord  Verulam  f,  has  been,  in  our  time,  carried  to 
a furprifing  height.  With  the  help  of  Thermo- 
meters we  can  fo  adjuft  our  ftoves,  green-houfes, 
and  hot-beds,  as  to  imitate  the  temperature  of  anjf 

* Veg.  Stat.  p.  59. 

t Nov.  Orig.  II.  35.  p.  254.  50.  p.  348.  Nat. 
Hifl.  401,  405,  412,  856. 
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dimnte  we  pleafe ; .and  to  fupport  and  keep  in 
ftrong  life  and  vigour  the  plants  which  nature  has 
given  only  to  the  warmer  countries.  According 
to  the  obfervations  of  the  London  gardeners,  as 
marked  on  Mr.  Fowler’s  Thermometer  reduced  to 
ours,  I find  the  kindly  degrees  of  heat  for  fome  of 
the  moll  curious  foreign  plants  to  be  thefe.  For 
the  myrtles  gr.  44;  oranges  47  ; ficoides 
50;  Indian  fig  gr.  53f ; aloe  gr.  57;  ccreus  gr. 
-60  ; euphorbium  gr.  63  ; piamento  gr.  66  ; ana- 
nas 70  j melon  thiftle  ^r.  73. 

Not  as  if  thefe  plants  could  bear  only  fuch  and 
fuch  precife  points  of  heat.  'Ihey,  like  other  ve- 
getables and  animals,  have  a confiderable  latitude 
that  way ; and  can  fuller  the  air  both  colder  and 
warmer  than  thefe  degrees,  which,  however,  are 
reckoned  moll  adapted  to  their  nature.  I hough 
I lulped  fome  of  them  are  marked  too  low,  being 
far  under  the  ordinary  and  mofi;  kindly  heats  in 
thofe  countries  where  fuch  plants  naturally  grow. 
But  there  indeed  they  have  a freer  anti  opener  air  j 
where  confeqtiently  they  can  bear  greater  heats 
than  in  our  fmothered  and  pent  up  ftoves  and 
green-houfes. 

17.  Even  we  in  this  country  do  not  reckon  the 
air  warn)  till  it  arrives  at  about  gr.  64.  It  is  to  us 
very  warm  and  fultry  at  gr.  80.  And  Dr.  Boer- 
haave'*  thought  it  naturally  fcarce  ever  exceeded 

* Chem.  I.  156.  p.  207,  2 1 3,  274,  278,  553. 
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gr.  8o  or  90  at  moft,  reckoning  fuch  hot  air  would  ; 
Jbon  be  de/lruaive  of  the  life  of  animals.  But  • 
fometimes,  even  in  thefe  temperate  climates,  the  ^ 
■weather  has  been  found  much  hotter.  I find  ob-  | 
fervations  recorded  of  the  weather  at  Utrecht,  Pa-  1 
ris,  Padua,  ^c.  having  fometimes  been  obferved  fo 
hot,  as  that  the  mercury  in  our  Thermometer 
would  have  been  raifed  to  above  yo  .degrees.  In 
Pennfylvania,  no  intemperate  climate  neither,  the 
heat  in  fummer  1732  came  once  to  be  ^r.  96  or 
^■7  *.  And  Mr.  de  Reaumur  f promifes  us  obfer- 
vations  of  heats  that  people  were  obliged  to  fufFer, 
though  they  reached  to  38  in  his  Thermometer, 

or  near  gr.  1 04  in  ours.  Even  in  the  more  nor-  | 
thernly  countries,  where  the  fun  has  lefs  influence,  ; 
we  can  by  art  contrive  a method  of  giving  unde-  1 
tiiable  evidence  of  animals  being  able  to  bear  a flill 
greater  warmnefs  of  air.  In  the  outer  bagnio  at 
Edinburgh  the  heat  ufed  to  raife  our  Thermometer 
to  gr.  90,  where,  though  at  your  firfl:  entry  it 
fceined  indeed  a great  deal  too  hot,  and  fometiiing 
difagreeable,  yet  foon  it  became  fo  very  tolerable, 
that  one  might  without  any  uneafinefs  have  con- 
tinued in  it  as  long  as  he  had  thought  fit.  Yea, 
one  could  flay  fome  hours  in  the  inner  bagnio, 
though  the  heat  there  ufed  to  be  about  g;r.  100, 


* Berolin.  Cont.  IV.  p.  131. 
f Mem.  Acad,  des  Sc.  1736,  p.  486,  489. 
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18.  From  all  this  we  fee  how  finely  every  thing- 
has  been  contrived  and  adjuiled  by  the  great  and 
wife  Author  of  nature,  and  what  a vafi:  latitude  of 
the  heat  and  cold  of  the  air  the  animal  body,  efpe- 
cially  that  of  man,  can  bear^  from  the  fultry  burn* 
ing  heats,  as  hot  or  hotter  than  his  blood,  down 
to  the  chilling  colds  a good  deal  below  that  of 
freezing  water  \ though  indeed  it  is  about  fome 
intermediate  difia  •'.‘c  betwixt  them,  where  the  heat 
is  mofi:  agreeable,  or  beft  tempered  to  the  bodies 
of  animals  and  vegetables. 

19.  And  it  was  only  the  middle  climates  or  tem- 
perate zones  that  many  of  the  ancients  imagined 
were  habitable  by  us  mortals. 

A fort  allbits  agris 
Alutiere  coticejja  divurti  * , 

« In  his,”  favs  Macrobius +,  tantum  vltales  an- 
ras  natura  dedit  incolis  carpere.”  And  accor- 
dingly much  was  ftid  long  ago  ot  the  intolerable 
heat  of  the  torrid  zone,  as  by  that  means  unin- 

* Virgil  Georg.  I.  237. 

■f  In  Somn.  Scip.  II.  5-  p-  m.  110. 
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habitable  by  men, avafKATo?  uVa  Kuvuxruv* i whence 
Ovid  t,  f|';eaking  of  the  tiones  of  the  earth,  fays, 

^lartim  qua  media  ejl  non  tji  habiiahilis  ajliu 

Virgil  :j;  fays  the  fame  thing  in.  a more  pompous 
mauticr* 


^uarum  una  corufeo 

Semper  foie  ruhenSy  ilt  torrida  Jexper  ah  igtii.  ^ 

And  Horace  ||,  with  his  ordinary  poetical  imagery^  | 
fuppofes  himfelf  placed, 

Stih  curru  minium  prophtqui  '' 

Solis,  in  terra  domihus  uegata.  I 

But  Tibullus  **  exprefles  the  pofition  of  this  part 
of  the  earth,  and  its  confequcnces,  more  fully 
than  any  of  them,  in  thefe  lines: 

Media  ejl  Phoehi  femper  fuhjeRa  calori, 

Kon  ergo  preffo  tellus  conjurgit  aratro: 

Nec  frugem  fegetes  pr^hgnt,  nee  pnbtila  terra. 

Non  illic  colit  arva  Deus,  Bacchufve,  CerefuCy 
Nulla  nec  exujlus  habitant  animnlia  parteis. 

* Stoics  In  Diog,  Laert.  VII.  156. 
f Metamorph.  I.  49. 

% Georg.  1.  234. 

1)  Carm.  I.  22. 

**  Eleg.  IV.  i.  in  MefLI. 
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But  this  opinion  was,  I humbly  think,  among  their 
vulgar  errors,  received  chielly  by  the  people,  and' 
taken  up  by  the  poets  as  a beautiful  fi£lion,  which 
we  cannot  well  fuppofe  they  really  believed.  The 
wifer  fort,  though  they  fometimes  fpoke  * like 
other  folks,  knew  better  things.  Their  hiftorians- 
and  geographers  have  recorded  tolerable  good  ac- 
counts of  feme  of  the  middle  parts  of  the  earth 
within  the  tropics;  ALthiopia,  Arabia  Felix,  the 
fea-coafts  of  India,  the  ifle  of  Taprobana,  Ophir, 
Tarlhifli,  ^c.  were  heard  of  even  by  the  common 
people,  all  well  inhabited,  though  lying  within  the 
torrid  zone : and  the  travels  of  the  ancients,  as 
well  as  ours,  fhewed  thefe  countries  not  to  be  dif- 
agreeable  or  inconvenient  for  human  life-.  Nay,, 
the  heats  there  are  by  no  means  fo  excelfive  as  we- 
are  all,  before  trial,  ready  to  imagine  and  expert. 
The  Jefuit  miflionaries  to  the  Eafl:  Indies  -f  took 
particular  notice  of  this  : and  their  capacity  of 
obferving  fuch  things,  and  their  fidelity  in  relating 
them,  no  body  will  call  in  queftion  And  lately 
the  curious  Mr.  Cofligny’s  thermometrical  obfer- 
vations:};  fliew,  that  the  ordinary  heats,  even  under  ’ 

See  CIcer  Somn.  Scrip.  6.  Macrob.  in  Somn^- 
Scip.  II.  5,  7*  Diog.  Liaert.  Vll.  156. 

t See  Du  Hamel  Hill.  Ac.  Sc.  p.  272,  273.  Hid. 
Acad. Sc.  1666 — 1698,  II.  p.  Ill,  112.  Mem.Acad.- 
Sc.  1666 — 1698.  VH.  p.  835. 

X Mem.  Acad.  Sc.  1 733’  P*  *734>  P* 
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the  line,  and  near  it,  are  not  greater  than  what 
have  been  in  feme  extraordinary  feafons  oblerved 
at  Paris,  and  other  places,  that  every  body  knows  ' 
to  be  temperate  enough. 

20.  It  is  true  all  thefe  obfervatlons  were  made  in  '' 
iflands,  and  on  or  near  the  fea-coalls,  which  we 
may  prefume  to  be  fomewhat  cooler  than  the  in- 
land countries  *.  But  ftill  we  are  well  aflured,  that 
even  thefe  can  eafily  enough  be  borne  with.  And 
all  thefe  parts  of  the  world  have  that  advantage  of  ' 
the  weather,  there  being  much  more  uniform  than 
with  us.  Their  air  (uffers  much  fmaller  changes 
both  in  the  incumbent  weight  of  the  atmofphere 
prelTing  it,  and  in  the  degrees  of  heat  wherewith 
it  is  warmed.  Dr  Halley  + tells  us,  that  he,  as  well 
as  others:};  who  have  fojourned  within  the  tropics, 
found  very  little  variation  in  the  height  of  the 
mercury  in  the  Barometer,  which  we  know  to  be 
2 or  3 inches  in  the  more  northern  regions  : and 
we  are  all  but  too  fenfible,  and  we  had  but  juft  now 
occafion  to  take  notice  of  the  vaft  changes  of  the 
temperature  of  the  air  in  this  quarter  of  the  world., 
which  through  the  whole  year  is  commonly  found 
fo  equable  in  the  torrid  zone.  A t Siam,  within  the 
lat.  15  deg.  from  the  greateft  winter  cold  to  their 


See  Mem.  Acad.  Sc.  1666 — 1698,  VII.  p.  837. 
j-  Phil.  IVanf,  Abr.  II.  p.  18,  20,  22. 

X Vid.  Mem.  Acad.  Sc.  1666 — 1698,  VII.  p.  840, 
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Mgheft  fummer  heat  the  Jefuits  experienced  a dif- 
ference only  of  26  degrees  in  Hubin’s  Thermome- 
ter*, the  extent  of  which  I believe  differs  not 
much  from  the  like  number  in  ours,  fin  Bata- 
via, though  a very  hot  place,  and  in  gr.  6 Touth 
lat.  the  excefs  of  heat  above  the  grcatcft  cold  was 
ftill  fomething  lefs  : and  in  Malacca f,  but  2 deg.  of 
latitude  from  the  equator,  the  weather  is  very  tenv- 
perate,  and  fo  equable,  that  for  7 months  together 
the  Ipirit  in  the  Thermometer  was  never  under 
6oj  nor  above  gr.  70.  j]  In  the  ifle  of  Bourbon, 
in  the  latitude  about  22  degrees  the  difference  be- 
tween the  higheft  and  loweft  afternoon  hear  in  a 
twelvemonth’s  time  was  but  8 divifions  in  De  Reau- 
mur’s 'Tliermometer,  which  iDakes  up  Icarcely  i j 
in  ours:  and  the  ordinary  difference  of  the  night 
and  day  heat  in  thefe  climates  was  found  a fmall 
matter  compared  to  what  we  have  it  commonly 
with  us**.  And  as  the  torrid  zone  excels  our 
countries  hereabout  in  a more  equable  degree  of 
heat  and  weight  of  the  atmolphere,  fo  we  are 
more  happily  appointed  that  way  than  in  Sweden 


* Da  Hamel  Hift.  Ac.  Sc.  p.  272. 
f Ibid.  p.  273. 
f Ibid. 

II  Mem.  Ac.  Sc.  1734,  p.  762. 

*'*  Ib.  1666 — 1698,  VII.  p.  8*37,  1733,  p.  537. 
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and  Lapland,  and  thcfe  other  northern  regions 
From  whence  it  would  Teem  a general  rule,  that,, 
caieris  paribus^  the  greatneis  of  the  vicilEtudes  of 
the  air  increafcs  with  the  latitudes  of  the  places  as; 


'i 

I 


you  go  from  the  etjuator. 


III.  Of  Jhe  comparative  Heats  of  the  Sufty  jEarih,, 
Planets  and  Comets, 

21.  We  have  hitherto  conhdered  the  air,  though J 
influenced  by  the  fun„as  ihaded  from  its  immedi-- 
ate  burning  operation.  For  in  the  open  air,  expo- 
fed  to  its  direfl  beams  fliining  with  greateft  advan- 
tage, the  heat  is  found  much  higher  than  any  thing , j 
■we  have  hitherto  been  fpeaking  of.  And  an  exa- 
mination of  this  will  naturally  lead  us  into  the  con- 
fideration  of  the  heat  of  the  fun,  the  inexhaulli-- 
ble  magazine  of  light  and  fire,,  the  great  furnace' 
ofourfyftem;  and  to  confider  its  influence  on^ 
bodies  placed  at  different  diftances  from  it. 

Sir  Ifaac  Newton f,  comparing  the  fun’s  influen-- 
ces  on  the  earth  and  Mercury,  which  by  its  vicini-- 
ty  to  the  fun  fliould  have  feven  times  more  heatt 
from  him  than  we,  reckons  the  folar  heat  in  that- 
planet  fufficient  to  boil  our  water,  and  quickly  car-* 
ry  it  all  off  in  vapour  -,  having  found  by.  a Ther-- 


♦ Sec  Phil.  Tranf.  Ab.  II.  p.'  22;  Maupert.  Fig. 
dc  la  Terre,  p.  72. 

+ Princip.  111.  Prop.  8.  Cor.  4*  P-  4®^* 
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momcter  that  water  was  boiled  by  a heat  feven 
times  greater  than  the  heat  of  the  fummer  iun  ; 
which  then  in  this  reckoning  hioulJ  be  only  at 
gy,  (32+* 4°—)  expredion  of  t/^e 

heat  of  the  fummer  s fun  muft  be  greatly  modified  to 
be  confiflent  with  the  true  fiate  of  things.  He  muft 
not  only  have  meant  it  fi'lely  of  the  degrees  above 
freezing  water,  (as  was  then  the  fafliion  of  thinking 
and  fpeaking),  but  alio  inftead  of  fummer  fun^  he 
muft  really  have  underftood  the  ordinary  Jirnded  air 
in  fummer,  or  the  fummer  heat  of  the  air,  as  Dr. 
Pitcairn’*  (who  I luppofe  had  his  obfervations  of 
this  matter  from  Sir  Ilaac)  exprcfles  it.  Though  I 
muft  confefs  that  this  could  be  but  very  improperly 
compared  to  the  folar  heat  at  Mercury;  except  we 
fuppofe  that  he  likewife  meant  the  heat  in  the  fliade 
at  Mercury  too.  And  farther,  it  will  be  reckoned 
an  incongruous  way  of  judging  of  the  heat  of  the 
fun,  by  taking  our  meafures  from  its  impaired  ac- 
tion on  the  air  fereened  from  its  dirc<Sl  rays. 

22.  The  clire^l  fummer  mid-day  heat  is  vaftly 
greater  than  fuch  a low  allowance;  it  having  been 
found,  even  in  thefe  northern  climates,  able  to  di- 
late the  fluid  in  the  'i'hermometer  much  more  than 
^ of  the  dilatation  caufed  by  boiling  water.  Dr. 
Boerhaave  is  the  loweft  in  his  reckoning  of  any 
that  pretended  to  take  an  eftimate  of  it,  faying  f, 

* F.lem.  Med.  II.  1.  § 26. 
f Chem.  I.  p.  213. 
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that  the  greateft  heat  ever  produced  by  the  direct  j 
aaion  of  the  lun  in  our  air,  or  other  bodies  heat-  > 
cd  by  it,  fel^om  reaches  to  gr.  84.  And  at  ano- 
ther time  *,  though  he  raifes  it  a little  higher, 
leeming  to  allow  that  the  great  dog-day  heat  may  ^ 
come  to  gf-  90,  he  thinks  it  can  fcarce  ever  go  be- 
yond thefe  bounds,  or  arrive  at  the  heat  of  the  hu- 
man body.  But  Sir  Ifaac  himfelf,  in  another  place 
of  his  bookt,  exprefsiy  tells  us,  that  he  found  the 
heat  of  boiling  water  only  about  three  times  great- 
er than  the  heat  communicated  to  dry  earth  by  the 
fummer  fun.  And  fo,  too.  Dr.  IMuffchenbroek  iji 
reckoned  it  probable  that  the  heat  of  boiling  water 
is  three  times  greater  than  the  greateft  heat  com- 
municated to  bodies  by  the  fummer  fun  in  his 
country,  by  thefe  reckonings  this  heat  amounting 
to  gr.  (32+*-f°=)  92.  Nay,  even  in  Italy,  Borcl- 
li  II  and  Malpighi  § found  this  heat  of  the  fun  in 
mid-fummer  only  equal  to  the  heat  of  the  vifeera 
of  hot  animals,  I fuppofe  about  102;  not  a- 
deal  higher  than  what  Newton  and  Muflehen- 
broek  reckoned. 

23.  All  this  may,  I believe,  commonly  be  juft: 
and  ti'iie  enough.  But  it  is  not  fo  univerfal,  either 

* Chem.  I.  p.  1 56. 

-j-  Priiicip.  p.  508.  « 

f Tent.  Exp.  Ac.  Cira.  Add.  II.  p.  22, 

11  De  Mot.  Anim.  II.  Prop.  96,  221. 

$ Op.  Port.  p.  30. 


OF  HEAT  IN  BODIES. 


119 

Rs  to  times  or  places,  as  one  would  be  ready  to  ex- 
pedt  from  fuch  ways  of  fpeaking  The  Lord  Ve- 
rulam*  long  ago  took  notice,  that  the  highefi:  de- 
gree of  animal  heat  fcarcc  ever  attained  to  the  heat 
of  the  fun’s  rays  in  the  fcorching  climates  and  fea- 
fons.  And  even  in  this  cold  country  at  fometimes 
I have  experienced  greater  heats  of  the  fun  ; and 
fo  might  any  body  elfe  that  would  attend  to  it  have 
done.  Many  have  had  occafion  to  obferve  how 
vaftly  metals  are  heated  in  the  fun.  Sir  Ifaac  New- 
ton t takes  particular  notice  of  this ; I have  in  this 
place  in  the  latitude  of  56  deg.  20  min.  fecn  a piece 
of  iron  heated  fo  much  that  1 could  not  hold  it  in 
my  hand  above  a few-fccondsof  time ; and  therefore 
it  was  much  hotter  than  my  blood.  And  1 have 
oftener  than  once  feen  dry  earth  heated  to  above 
1 20.  And  Dr.  Hales  | found  a very  hot  fun- 
fliine  heat  afi.  1727  ftill  greater,  viz.  at  about  gr. 
J40.  And  Dr.  MulTchenbroek  § in  his  later  trials 
e>nce  experienced  it  fo  high  as  gr.  150.  So  that 
reckoriing  from  the  freezing  point  ztgr.  32  in  the 
common  way,  thefe  ftrong  fun-fliine  heats  were 
much  greater  than  -f,  or  even  the  half  of  the  heat 
-of  boiling  water.  And  in  the  more  fouthern  coun- 
tries it  has  been  found  Hill  greater  at  feme  particu- 

* Nov.  Orig.  II.  192. 

■f  Princlp.  p.  420. 

J Veg.  Stat.  p.  59. 

Eff.  Phyf.  § 974, 
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lar  times.  Much  has  been  fald  of  the  fcorching 
and  intolerable  heat  of  the  fun  in  the  torrid  zone 
We  have  many  ftrange  (lories  of  extraordinary 
fuminer  heats,  as  great  trafts  of  land,  houfes,  6c. 
fet  on  fire,  ftones  heated  (b  as  to  melt  lead,  6c. 
Thefe  indeed  feem  extravagant.  But  the  German 
annals t preferve  the  memory  of  an  exceffively 
hot  fummer  an.  izgo,  when  they  roafied  their 
eggs  in  the  faud  heated  by  the  fun  And  I- have 
been  told  that  in  Egypt,  by  no  means  the  hotted 
country  in  the  world,  they  can  often  on  the  tops  ' 
of  their  houfes  road  their  eggs  at  the  fun.  And 
to  harden  the  white  of  an  egg  1 find  the  heat  of 
about  gr.  15610  be  neceifary.  In  the  year  1705 
the  fuminer  was  very  warm  if.  At  Montpelier 
one  day  the  fun  was  fo.  very  hot  as  to  raife  the 
quickfilver  in  M.  Amontons’s Thermometer  to  the 
mark  of  boiling  water  itfelf,  which  is  ourgr.  212. 

24.  But  after  all,  thefe  great  heats  will  be  rec- 
koned irregularities,  and  out  of  the  ordinary  courfe 
of  the  feafons;  and  what  may  be  produced  by  the 
fun  only  in  certain  times  and  circumdances.  For 

in  our  temperate  climates  the  modcommon  and  or- 
dinary noontide  heat  of  the  fummer  (un  may  be 
found  to  raife  the  quickfilver  in  the  Thermometer 
but  about  60  or  70  diviCons  above  the  freezing 

* See  Boyle  Hid.  of  the  Air.  Abr.  3*  P*  55* 

See  Liplii  Epift.  ad  Belg.  II.  9** 

;{;  Mem.  Sc.  1706.  p.  15* 
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point  at  gr.  32  ; and  the  afternoon  heat  in  the 
lhade  about  the  half  of  that.  So  the  ordinary 
fummer  fun  heat  with  us  does  nearly  coincide  xvith 
the  heat  of  our  body  ; which  was  found  * to  be 
ibinewhat  more  than  the  half  of  the  heat  of  boiling 
water,  fuppofing  Fahrenheit’s  cold  mixture  to  be 
the  very  lowefl  degree  of  heat  j and  fo  too  boiling 
water,  inftead  of  feven  times,  is  but  between  two 
and  three  times  hotter  than  our  common  fkaded 
w^arm  air  at  midfutnmer. 

25.  However,  this  folar  heat  is  Hill  much  greater 
in  the  warmer  countries.  And  if  we  pretend  to 
make  any  comparifon  of  fuch  things,  it  is  our 
cquatoreal  heat  we  fliould  reckon  as  the  fun’s  true 
heat  at  our  orbit,  and  what  we  fliould  collate  with 
its  influence  on  the  other  planets,  or  its  heat  at 
their  refpe£llvc  diftances. 

26.  But  wh^t,  on  the  other  fide,  will  lower  or 
bring  down  this  folar  heat  very  much  is  this  con- 
fideration,  that  the  heat  communicated  by  the  fun 
to  bodies  on  this  earth  depends  much  upon  other 
circumftances  befide  the  dtrecfl:  force  of  its  rays. 
Thefe  muft  be  modified  by  our  atmofphere,  and 
varioufly  refledled  and  combined  by  the  a£lion  of 
the  furface  of  the  earth  itfclf,  to  produce  any  no- 
table effedts  of  heat.  For  were  it  not  for  thefe  ad- 


* See  §11. 
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duional  circumftances,  I queftion  much  if  the  na-/* 
ked  heat  cJ  the  fun  would  to  us  be  very  fenfible. 
We  find  all  our  great  heats  to  be  in  thofe  places 
that  ly  low,  and  have  a great  height  of  atmo- 
fphere  above  them,  and  furrounded  by  eminences 
and  riling  grounds.  * If  you  afcend  on  high  to  ^ 
the  tops  of  the  very  elevated  mountains,  you  arc  j 
chilled  with  cold,  and  you  find  everlafiing  fnows, 
that  after  thoufands  of  fummers  have  fcarce  ever  •; 
been  thawed,  though  every  day  expofed  to  the  di- 
.-rea  rays  of  the  fun  •,  which  in  fome  countries  arc 
darted  perpendicularly  on  them.  "W^e  hear  that  | 
the  French  virtuofi,  who  by  order  of  the  king  went  I 
<0  America  to  make  their  obfervations  on  the  figure  4 
of  the  earth,  ^c.  found  on  the  very  high  hills  there  t 
juft  under  the  line  fuch  excelTive  colds,  that  it  is  4 
fiifpedbcd  they  w’ere  as  intenfe  as  what  were  ob-  ■ 
lerved  in  Lapland  itfelf.  So  neceflary  it  feems  is  a ■ 
long  and  direiR  paflage  through  all  or  the  greateft  ’ 
})art  of  the  depth  of  our  atmofphere,  or  the  afiift-  L 
ance  of  its  prellure,  or  the  refleclions  of  rays  from  ^ 
the  earth’s  own  furface,  to  invigorate  thefe  rays, 
and  to  give  them  ftrength  for  warming  terreftrial 
-bodies.  To  which  too  the  particular  fulphureous 

* Sec  Liv.  Hift.  XXI.  31.  Senec.  Nat.  Qu.  IV. 
ti.  Bacon.  Nov.  Org.  II.  12.  p.  169.  Borell.  de 
Incend.  Actu.  p.  7,  50.  Boyle  Exp.  on  Cold.  Abr. 
I.  p.  639,  638.  Hift.  of  the  Air,  Abr.  III.  p.  33, 
54,  35.  Boerh.  Chcm.  I.  p.  172,  185,  476. 
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nature  of  the  low  parts  of  the  atmofphere  may  not 
a little  contribute. 

27.  So  then  there  are  other  circumfbances  be- 
fide  the  vicinity  to  the  fun  that  may  influence  and 
determine  its  heating  virtue.  Thus  reckoning  the 
force  of  heal  to  be  cateris  par'ihus  as  the  denfity 
of  its  rays,  or  reciprocally  as  the  fquares  of  its  di- 
flances  from  the  central  fire,  the  planet  Mercury  is 
fo  much  nearer  the  fun  than  the  earth,  that  its 
heat  from  him,  by  calculation  of  their  refpetflive 
difiances,  comes  out  feven  times  greater  than 
ours  ■*.  And  fo  would  an  inhabitant  there  feel  it, 
if  they  have  the  furface  of  Mercury  difpofed  like 
that  of  our  earth,  and  an  atmofphere  hanging  over 
their  heads  fo  like  ours,  as  to  qualify  the  fun’s  rays 
in  the  fame  manner.  But  it  they  have  little  or  no 
atmofphere  (which  fecms  to  be  the  cafe  of  our 
moon)  or  an  atmoiphere  fo  difpofed  as  only  to  af- 
fect the  rays  of  heat  in  the  manner  that  the  upper 
parts  of  our  atmofphere  do,  then  it  is  pofiible  the 
folar  heat  at  Mercury  may  be  as  tolerable  as  otr 
our  earth.  And,  on  the  other  hand,  though  we 
commonly  reckon  + that  our  winters  fhould  be  fro- 
zen up,  and  we  ourfelvcs  be  chilled  to  death  in 
the  far-off  planets  Jupiter  and  Saturn,  they  may, 
for  aught  we  know,  have  their  atmofpheres  and 

* See  Newton  Princip.  HI.  Prop.  8.  Cor.  4.  p» 
406. 

•f  See  Newton,  ibid.  p.  405. 
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iurfaces  To  condruftcd,  as  ro  render  the  folarheafe* 
comfortable  enough  even  for  animals  and  vegeta-^B 
bles  of  the  like'nature  and  paffions  with  our  own.^j 

2 8.  But  the  cafe  of  the  comets  is  vaftly  differentM 
from  any  thing  we  can  propofe  of  the  other  pla-j 
nets.  Their  orbits  are  fo  excentrical,  that  they* 
mud  be  very  varioufly  affefled  by  the  fun  in  the® 
different  parts  of  their  courfe.  But  yet  their  at-J 
niofpheres  and  bodies  may  be  of  fuch  a nature 
that  they  (hall  not  be  heated  to  fuch  a vaft  and  al- jl 
mod  inconceivable  degree  as  is  fometimes  fuppo-w 
fed.  In  the  Newtonian  fyftem  of  comets  * the 
ffance  from  the  fun  of  that  famous  one  which  ^p-  || 
peared  an.  1680  f in  its  perihelion  was,  by  calcu-lj 
lation,  to  the  mean  diftance  of  the  earth  in  the 
tio  of  about  6 to  1000:  fo  that  its  heat  in  that  ^ 

^ Newton  Princip.  HI.  &c.  p.  508.  * 

•f  It  is  fuppofed  by  many  to  have  been  this  very| 
comet  that  appealed  an.  1 106,  an,  53  i|  an.  A.  C.  44, 
&c.  See  Newton  Princip.  p.  5c i.  Halley  Synopf.l? 
of  Comet,  in  Gregor.  Altron.  in  Englilh.  p.  901, 
902,  903.  Whidon  New-Theor.  of  the  earth,  p. 
187,  191,  &c.  But  M.  Caffinl  reprefents  the  comet,' 
or  comets,  an  1680  in  a very  different  manner  from 
thefe  authors ; nor  does  he  make  that  great  blazing  j 
ftar  that  alarmed  all  Kurope,  to  have  been  fo  very  ' 
excentrical,  or  to  Irave  come  fo  very  near  the  body  of 
the  fun  as  they  do.  See  Mein.  Acad.  Sc.  J73*>  P*' 
464. — 46 8»  ' . 
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part  of  its  period  Sir  Ifaac  determines  flmul  J have 
been  to  our  fummer  heat  reciprocally  as  the  fquarcs 
of  thefe  numbers,  that  is,  as  1,000,000  to  36,  or 
28,000  to  I.  And  therefore,  I'eeing  the  heat  of 
boiling  water  is  three  times  greater  than  what  dry 
earth  acquires  from  the  fummer  fun,  and  the  heat 
of  red-hot  iron  three  or  four  times  greater  than 
the  heat  of  boiling  water,  he  computes  the  heat  of 
the  comet  fhould  have  been  2000  times  greater  than 
the  heat  of  red-hot  Iron.  A prodigious  and  ter- 
rible heat,  even  with  all  the  abatements  we  have 
been  propofing ; and  which  I conceive  no  body 
can  take  on,  that  is  not  immenfcly  denfer  and  more 
fixed  than  any  terreftrial  body  we  know.  For, 
from  the  example  of  common  water,  ^c.  * it 
would  feeni  that  all  bodies  are,  according  to  their 
various  degrees  of  denfiiy  and  fixednefs,  fufeepti- 
ble  juft  of  fuch  and  fuch  particular  degrees  of  heat, 
beyond  which,  whatever  fire  be  applied  to  them, 
they  cannot  be  raifed ; though  by  a heat  exceed- 
ing thefe  their  parts  arc  all  dilfipatcd,  are  rendered 
volatile,  and  fly  oft' in  vapour.  And  yet  I cannot 
but  take  notice,  that  all  this  calculation  is  upon  the 
fuppofuion  that  the  comet  was  in  its  own  nature 
like  our  earth,  and  involved  in  an  atmofphere  like 
ours : otherwife  that  method  of  reafoning  and  a- 
nalogy  cannot  take  place,  nor  would  the  fun’s  heai. 
affeQ  it  in  that  way. 


* See  Doerh.  Chem.  I.  p. 
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29.  ButI  fay  again,  under  another  view  and  co!^»  , 
iideration,  what  if  the  real  fblar  heat,  both  in  Itfclf  ; 
and  what  it  can  communicate  to  us  and  other  pla- 
netary Ixxlies,  (while  it  is  iwt  concentrated  byburn- 
ing  glaHes,  or  flrengthened  by  other  afliffances), 
be  vaftly  Id's  tlian  what  is  commonly  reckoned  ? 
All  the  natural  heat  we  meet  with  here  on  the 
earth  we  are  ready  to  afcribe  to  the  adllon  of  the 
fun,  which  perhaps  has  but  a fmall  lhare  in  it,, 
overlooking  a fource  of  heat,  which,  though  oftem 
fpoke  of  by  the  theorifts  of  the  earth  *,  is  feldoni 
confidered  in  that  advantageous  light  I would 
chufe  to  take  it.  We  formerly  took  notice  of 
what  a great  {lock  of  heat  all  terreflrial  bodies  are 
poflefled,  even  in  the  coldeil:  winters  Every  body 
has  felt  or  heard  that  the  temperature  of  the  air  in 
mines  and  other  places  deep  under  ground  is  warm, 
or  at  leaft  very  tolerable.  And  we  know,  from 
the  niceft  obfervations,  that  in  the  cave  of  the  Ob- 
fervatory  at  Paris,  only  about  ninety  feet  under 
ground,  the  heat  keeps  the  Thermometer  at  gr. 
53,  and  that  without  any  aflillance  from  the  fun; 
it  being  never  fenflbly  increafed  by  the  mcHi 

* See  Empedocles  in  Plutarch,  de  Prim.  Frigid,  p. 
m.  507.  Des  Cartes  Princip.  Phil.  IV.  3.  Burnet 
Theor.  of  the  Earth,  III.  6.  Woodward.  EIT.  Nat. 
Pllft.  of  the  Earth,  p.  135 — 162,  220 — 225.  Nat. 
Hlft.  &c.  llliift.  &c.  Introd.  p 136,  140 — 143, 
149 — 152.  Whiilon  New  Theor.  &c.  p 78,  23  (,  334, 
447.  Gaffcnd.  Eplcur.  Pbilofoph.  1.  p*  546,  3:c. 
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fcorchingfeafonsbeyond  its  heat  in  the  moft  fevere 
Vinters  that  have  been  felt  there.  And  the  fame 
conflant  and  unalterable  degree  of  heat  was  obfer- 
ved  by  Mr.  Boyle  * in  a cave  cut  deep  into  the 
earth,  f And  great  and  even  troublel’ome  heats 
are  faid  to  be  obferved  at  greater  depths,  and  in- 
creafing  in  proportion  to  thefe  depths  j though  I 
could  wilh  thefe  heats  had  been  more  regularly 
meafured  and  afeertained  than  what  I can  find 
they  have  yet  been.  So  that  it  would  feem  the  bo- 
dy of  the  earth  has  a very  great  proper  internal 
heat,  independent  on  the  fun,  and  very  Inuch  be- 
yond what  he,  without  the  intervention  of  our  at- 
mofphere  could  communicate  to  it;  fo  great  as, 
within  90  feet  of  its  furface,  to  raife  the  'Ihermo- 
meter  93  divifions  above  Fahrenheit’s  cold  mixture, 
or453  divilions  above  what  Mr.  Amontons  reckon- 
ed the  lowed  degree  of  heat.  This  heat  of  the 
earth  at.  its  furface  is  fomething  lefs,  and  beyond 
that  its  force  decreafes  indeed  very  fad,  fo  as  to 
leave  the  air  at  a fmall  height  above  it  a good  deal 
colder;  and  which  we  find  on  the  very  high  hills 
to  be  exceffively  cold,  and  not  to  be  much  warmed 
by  the  additional  heat  of  the  lun’s  direifl  rays,  if 
they  be  but  little  altered  by  the  earth’s  furface  and 
atmofphere. 

* Mem.  Hift.  of  the  Air,  Abr.  TIL  p 54. 

See  Bcvyle  Exp.  on  Cold,  Abr.  I.  p.  641,  ’joot 
^ot,  702.  Boerh.  Chem.  I.  p.  479*  Woodw.  tfl. 
Nat.  Hid.  of  the  Earth,  p.  136. 

30.  If 


nS 


Thu  various  D EGRET  S- 


30.  It  is  not  our  Sufinefs  To  much  as  to  attempt' 
die  explaining  the  caufe  and  confequences  of  this  ^ 
innate  heat.  That  is  the  work  of  thofe  who  havci 
fire  and  fancy  enough  to  build  worlds,  or  theories  • 
of  worlds.  I will  only  beg  leave  to  obferve,  after’ 
the  Lord  Verulam  *,  Mr  Boyle -f,  and  others,  thatt  ■ 
the  various  temperatures  of  the  air  in  different^! 
places  of  the  earth,  do  by  no  means  correfpond  to - 
what  Ihould  be  the  refnlt  of  their  polition  to  the  • 
fun.  To  omit  variations  that  atefmalland  of  lefs  ' 
momerff,  I fliall  only  take  notice  of  the  much  - 
greater  cold  in  all  the  fouthern  hemifphere  than  in  « 
the  liinilarly  lituated  places  of  the  northern  one;; 
and  of  the  greater  colds  in  the  North  American  ’ 
countries,  than  in  thofe  of  the  fame  latitude  on- 
the  European  fide  of  the  globe.  All  which  argues  • 
a copious  fund  of  fome  other-more  potent  caufe  of  • 
heat  than  the  regular  adlions  of  the  I'uiv;  and  that' 
that  caufe,  inherent  in  the  earth  itfcif,  is  ftrongcr' 
in  fome  regions  of  it  than  in  others,  though  every/ 
where  confiderable  and  of  great  force. 


31.  The  ingenious  Dr'.  Halley:!;  has  a very  bold  ! 
hypothefis,  which,  befide  other  purpofes,  he  om-  • 

* Seq.' Chart,  p.  102.' 

■f*  Exp.  on  Cold,  Abr.  I.  p.  657-- 660,  6^0.  Mcm.'- 
Hift.  of  the  Air,  Abr.  III.  p.  52. 

!:  Phil.  Tranf.  Abr.  VI»  2.  p.  41. 
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ploys  In  accounting  for  this  anomaly  of  thefe  warm 
and  cold  quarters  of  the  world.  He  imagines  that 
once  the  earth  moved  round  an  axis  very  different 
from  the  prefent,  and  fo  that  “ the  extreme  cold 
“ felt  in  foine  places,  as  in  the  north-welf  of  Anie- 
“ rica,  about  Hudfon’s  Bay,  may  be  occafioned 
« by  thofe  parts  of  the  world  having  once  been 
**  much  more  northerly,  or  nearer  the  pole  than 
“ now  they  are,  whereby  there  are  immenfe  quan- 
“ titles  of  ice  yet  unthawed  in  thofe  parts,  which 
chill  the  air  to  that  degree,  that  the  fun’s 
“ warmth  feems  hardly  to  be  felt  there*,”  which, 
after  foine  thoufands  of  years,  have  not  yet,  it 
feems,  acquired  a fufficient  heat:  while  by  a pa- 
rity of  reafon  we  may  from  the  fame  principles  in- 
fer, that  the  extraordinary  foft  temperature  of 
fome  other  places  may  be  owing  to  their  having 
originally  been  under  or  near  the  primitive  equa- 
tor, whereby  they  had  acquired  a heat  which  is 
not  yet  quite  diffipated. 

But,  befides  that  in  fuch  an  hypothelis  thofe 
places  Ihould  conflantly  be  coming  nearer  and 
nearer  to  a regularity  and  uniformity  with  other 
countries  alike  in  latitude,  and  other  ordinary  cir- 
cumflances,  the  heat  of  bodies  is  fo  tranfient  and 
fleeting,  and  the  influence  of  the  fun  reaches  fo 
little  way  into  the  body  of  the  earth,  that  I cannot 
conceive,  even  allowing  the  fuppofition  of  a chan- 
ged axis,  that  the  various  degrees  of  the  original 
primitive  heats  of  the  earth,  comnuinicalcd  to  it 
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by  the  fun,  could  polFibly  have  been  fo  permancntl 
and  lading,  as  to  (hew  themfclves  fo  effedhially  at] 
this  day  : fo  that,  as  I faid  before,  fuch  a variety, 
of  heats  mud:  rather  be  owing  to  an  internal  caufe 
operating  more  intenfely  in  fome  regions  than  iii’ 
others,  and  every  where  much  more  ftrongly  than 
any  influence  the  fun  can  give  them. 

32.  And  if  this  be  the  cafe  of  the  reft  of  the 
planets  as  well  as  of  our  earth,  their  heats,  or  the 
heats  of  bodies  on  their  furfaces,  will  not  folcly 
nor  even  chiefly  depend  on  the  a£lion  of  the  fun 


on  them,  (as  the  philofophical  aftronomers  ^ feetni 
by  their  manner  of  fpeaking  to  fjppofe),  thefe  , 
proper  innate  heats  having  a greater  lhare  in  them  | 


than  that  external  addition.  Though  tliis,  how-  ’ 


ever,  tnay  be  necefiary  to  fupport  and  preferve  thofe  | I 
entire;  feeing  all  warm  bodies,  that  arc  net 
dowed  with  a vital  principle  of  heat,  arc,  of  their  1 
own  accord,  liable  to  a coiiftant  wafte  and  decay  . 
of  this  quality. 

33.  But  whatever  be  in  this,  from  thefe  confi- 
derations,  the  heat  of  the  fun,  and  the  heats  of 
bodies  approaching  near  hin.,  will  not  be  found  fo 

* See  Newton  Princip.  p.  405,  406,  508,  5 09. 
Gregor.  Elem.  Allron.  VI.  Prop  a,  3,  4,  5,  6. 
Whilt.  Pr®l.  Math.  p.  327,  328.  New  Thcor.  &c. 

P‘  S3*  7^’  Hugen.  Cofmotheor.  II.  p.  694,  See. 
Dcrham  Phyfico-thecl.  p.  171 — 178. 
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exorbitant  as  we  have  been  accuftomed  to  reckon 
them  *.  rhe  proper  or  innate  heats  of  the  planets 
may  be  fuch,  that  the  inner  ones  are  in  no  hazard 
of  being  too  much  fcorched,  nor  the  far-off  ones 
of  having  too  fmall  an  allowance  of  the  benign  in- 
fluence of  the  fun’s  heat;  and  that,  efpecially  by 
the  help  of  peculiarly  difpofed  atmofpheres  concur- 
ring that  way,  there  may  be  a great  uniformity,  in 
this  refpe£f,  of  the  whole  folar  fyffem.  Yea,  even 
the  comets  themfelvcs  may,  for  any  thing  we 
know,  be  fo  conftrudled  as  to  fuffer  no  great  in- 
convenience by  their  great  excentricities,  and  very 
variable  dilfances  from  the  central  fire. 

34.  But  where  am  I going?  I find  myfelf  tread- 
ing on  flippery  and  inchanted  ground.  I fear  I 
may  be  thought  juft  now  to  have  got  too  far  into 
the  bewitching  and  airy  regions  of  fancy  and  con- 
jeclure,  where  I would  not  chufe  to  dwell.  How- 
ever, at  prefent  having  a delightful  profpeifl  in 
view,  I would  fain  be  indulged  in  one  queftion  be- 
fore I quit  this  place.  What  if,  abftratling  from 
the  other  folar  influences  of  light,  gravitation,  6c 
the  great  force  and  virtue  of  its  additional  heat  on 
the  bodies  of  planets  (which  is  wifely  contrived  to 
be  very  variable  and  Ihifting)  is  to  produce  fre- 
quent changes  on  the  otherwife  equable  hears  of 
their  furfaces,  for  very  great  and  noble  purpofes 

■*  See  Newton,  ibid..p.  508,  Whifton,  ibid. 
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in  the  life  and  fupport  of  their  inhabitants  ? as  at 
leaft  we  know  to  be  the  ftate  of  our  globe,  which, 
by  the  viciflitudes  of  night  and  day,  and  Winter 
and  fummer,  and  fpring  and  autumn,  befide  other  ^ 
ends  thereby  accomplifhed,  preferves  in  a£lion  and 
life  both  vegetables  and  animals,  all  which  would 
Ragnate  and  die  in  a ftate  of  heat  always  perfedly 
the  fame:  for  all  natural  organic  bodies,  from  the 
loweft  vegetable  to  thofe  of  the  higheft  animal  \ 
life,  have,  by  the  viciflitudes  of  heat  and  cold  they  ' 
neceflarily  undergo,  a conftant  ofcillation,  a perpe-  I 
tual  alternate  contraclion  and  expanfion  of  all  their 

"S 

folid  and  fluid  particles. 


3ij.  So  then  the  fun,  though  it  be  not  the  foie 
or  chief  fountain,  is,  as  it  were,  the  great  regula* 
tor  of  motion,  heat,  and  life  to  the  inhabitants  of 
this  fyftem  •,  and  on  this  account  the  benefits,  to  us 
men,  of  this  great  mover,  this  awakener  and  enli- 
vener  of  nature,  are  highly  to  be  prized;  which, 
however,  were  much  miftaken  by  the  ancient  hea- 
then nations,  and  ftill  continue  to  be  fo  amongft 
many  in  the  world,  who  having  loft  the  true  reli- 
gion and  philofophy  of  things,  that  were  given  to 
the  firft  men,  and  fo  feeing  things  but  by  halves, 
and  dazzled  by’the  fplendour  of  the  fun’s  light  and 
power,  and  fenfiblc  influences*,  imagined,  that  for 
their  life  and  all  the  goods  thereof  they  depended 


* Wifdom  of  Solomon,  xlii.  i — 7» 
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on  that  great  luminary,  and  fo  worfliipped  the 
creature  inflead  of  the  Creator,  tlie  work  inftead 
of  him  that  made  it,  the  knowledge  of  whom  they 
had  utterly  loft.  And  this  was  never  to  be  reco- 
vered without  a new  revelation,  a new  communi- 
cation of  himfelf  from  God  to  man,  or  a more  ac- 
curate fiirvey  and  knowletlge  of  the  fyftem  of  na- 
ture than  what  mankind  could  of  themfelves  foon 
or  eafily  arrive  at,  by  which  the  feveral  connec- 
tions, and  fubordinate  depenuencies  of  its  parts  one 
with  another,  and  the  great  and  univerfal  depen- 
dence of  the  whole  on  a wife  and  omnipotent  Ma- 
ker and  Ptuler  might  be  found  out. — An  inquiry 
indeed  of  the  greateft  concern  to  us  men,  and  in 
which  there  have  been  very  great  llreps  made  in 
thefe  latter  times,  that  do  very  much  confirm  and 
illuflrate  the  revelation  given  to  Abraham  for  the 
confervation  of  the  true  religion,  and  continued  to 
his  pofferity : which  was  afterwards  much  farther 
extended  by  the  laft  grand  revelation  concerning 
the  great  Creator,  the  Lord  of  heaven  and  earth, 
that  made  the  fun,  earth,  and  ftars,  and  governs 
them  all  with  infinite  wifdom  and  power. 


IV.  Of  the  degrees  of  Heat  in  Animals, 


36.  Thus  much  for  the  celeftial  and  planetary 
heats.  But  now  let  us  come  nearer  home,  and 
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confider  the  various  degrees  of  heat  in  the  living 
inhabitants  of  this  our  earth,  which  we  can  fee 
and  feel,  and  examine  by  our  fenfes : a very  fruit-  . 
ful  inquiry,  and  of  greater  immediate  fatlsfadfion 
I and  ufe  to  us,  being  what  we  are  more  particular- 
ly interelled  in. 

.The  heat  of  animals  is  extremely  various,  both 
according  to  the  variety  of  their  kinds  and  the  va- 
riety of  the  feafons.  Zoologirts  have  juftly  enough 
divided  them  into  hot  and  cold,  that  is  to  fay  with 
refpedl  to  our  fenfes.  Thofe  that  are  any  thing 
near  our  own  temperature  we  call  hot,  while  all 
the  others  are  reckoned  cold,  whofe  heat  is  much 
below  ours,  and  confequently  affects  our  feeling 
with  the  fenfe  of  cold,  though,  according  to  what 
trials  I have  had  opportunity  of  making,  they  are 
all,  by  their  vh  vti£,  kept  fomcthing  warmer  than 
•the  medium  in  which  they  live. 

37.  The  gradations  of  life  from  the  warmefl: 
animals  down  to  perfedly  inert  matter  are  very 
flow,  and  by  very  fmall  and  almoft  infenfible  de- 
grees, feeing,  as  it  is  not  eafy  to  determine  the 
lowed;  date  of  vegetation,  fo  too  the  limits  between 
the  highed  vegetables  and  the  lowed  animals  are 
with  difficulty  to  be  didinguifhed.  Now  all  bodies 
partake  of  the  heat  of  the  medium  furrounding 
them,  as  air,  water,  or  any  thing  elfe.  Nor  can  I 
find  by  the  mod  careful  experiments  purpofely 
made,  that  vegetables,  any  more  than  the  mod  inert 
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and  lifelefs  mafles  of  matter,  are  endowed  with  any 
vital  heat  beyond  the  temperature  of  the  ambient 
air,  to  be  diftinguiihed  by,  the  niced  Thermome-^ 
ters.  As  the  air  is  a thin  body,  eafUy  heated  and 
cooled,  fo  indeed  when  it  is  in  a cooling  ftate,  as 
chietly  in  the  evenings  and  night  fcafon,  it  is  cold- 
er than  the  plants  in  it.  But  on  the  other  hand, 
for  the  lame  reafon,  through  moll  part  of  the  day 
it  appears,  and  really  becomes  warm  Iboner  and 
more  fenlibly  than  they  can  do.  But,  when  all  arc 
kept  in  an  equable  (late,  there  is  no  difference  of 
heat  to  be  obferved,  the  plants  always  correfpon- 
ding  exadlly  to  the  temperature  of  the  ambient  me- 
dium. “ In  vegetabilibus  & plantis  nullus  reperitur 
« caloris  gradus  ad  tac^um,  neque  in  lachrymis  ip- 
“ forum,  nt'i^ue  in  medullis  recenter  apertis*. 

38.  Nay  the  animals  of  low  life  have  but  very- 
little  additional  heat  beyond  that  of  the  air  or  wa- 
ter. The  infect  tribe  greatly  diiappoint  our  expec- 
tations, feemingto  be  the  molt  tender  and  delicate 
of  all  animals,  and  yet  being  thole  that  can  un- 
hurt bear  the  greatell  colds.  They  are  preferveJ 
in  the  coldelt  fcafons  with  little  oth'er  flielter  than 
the  leaves  and  ragged  barks  of  flirubs  and  trees, 
holes  of  the  walls,  or  a very  flight  cover  of  earth  ; 
and  fome  expoie  themfelves  quite  naked  and  open. 
•[Even  in  the  bitter  winters  of  i and  i "jZy  the 

* Bacon  Nov.  Orig.  II.  12. 

•[  Boerh.  Chem.  I.  p.  2r’7’  4M’ 
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infe<R  eggs,  nymphas,  and  aurellas,  outlived  the  J 
colds  that  were  intolerable  to  the  livelier  animals  : 1 
and  v/e  know  how  vaflly  low  the  fluid  then  fub-  ^ 
fidcd  in  the  Thern>ometers.  Mr.  de  Reaumur  * jj 
found  feme  very  young  flcmler  caterpillars  that  ^ 
were  able  to  bear  a cold  under  gr.  4 : and,  what  j] 
is  flill  more,  the  French  mathematicians  in  their  1 
Lapland  journey  in  the  autumn  were  peftered  with 
innumerable  fwarms  of  flies  of  various  kinds  f,  - 
whofe  eggs  and  aurelias  muft^have  wintered  under 
flill  greater  colds  than  this:  and  I find  that  .cater- 
pillars have  but  a fmall  degree  of  heat,  about  a 
divifion  or  two  above  the  air  they  live  in. 

39.  The  whole  infe<S:  tribe  Is  commonly  brought 
under  rhe  clafs  of  cold  animals:{::  on  which  ac- 
count 1 cannot  but  take  particular  notice  of  a very 
fingular  exception  in  the  heat  of  bees,  a very  re- 
markable branch  of  that  gevus  of  living  creatures. 
As  thefe,  according  to  the  curious  obfervations  of 
naturalifls,  have  fomething  very  peculiar  in  their 
economy,  fabric,  and  generation,  fo  1 have  ob- 

* Mem.  Ac.  Sc.  1734,  p.  257. 

f’  Maupert.  Fig.  de  la  Terre,  p.  12.  Sec  too  Boyle 
Exp.  of  Cold,  Abr.  I.  p.  661. 

:};  Vid.  Bacon.  Nov.  Org.  11.  $ l t.  p.  167.  § l 2. 
p.  186.  § 13-p*  192*  Nat.  Flill.  73.  Leiller  de  Bucc. 
p.  245. 
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ftrved  that  they  have  a very  fingular  conftitution 
in  the  heat  of  their  bodies.  This  I have  experi- 
enced frequently  ; and  I find  that  the  heat  of  a 
{'warm  of  bees  raifes  a Thermometer  buried  a- 
ntongft  them  above  gr.  97  i a degree  of  heat  no- 
thing inferior  to  our  own, 

40.  The  other  animals  of  low  life,  agreeable  to 
what  I obferved  of  tjpe  ordinary  infetfls,  have  but' 
very  little  additional  Veat  above  that  of  their  fup- 
porting  medium,  I could  fcarcely  diftinguifli  any 
in  mufcles  and  oyBers.-  It  was  very  little  in  the 
branchial  filhes.  In  flounders,  whitings,  codfifli, . 
and  haddocks,  the  heat  was  found  fcarce  a degree 
more  than  the  fait  water  they  were  fwimming  in, 
even  when  that  was  fo  low  as  41.  Nor  are 
the  red  filhes  much  warmer  than  they.  Some 
trouts,  whofe  heat  I examined,  were  but  at  gr.  62, 
when  the  river  water  they  had  been  fwimming  in 
•was  at  gr.  61  *,  Fifh  can  live  in  water  any  thing 
warmer  than  freezing,  that  is,  any  thing  above 

32- 

41.  The  refult  of  feveral  trials  made  fnails  a- 
bout  2 degrees  warmer  than  the  air.  Frogs  and 


* And  lately  at  Paris  I found  the  heat  of  a carp  • 
fcarcely  to  exceed  gr.  54,  the  heat  of  the  water 
wherein  I examined  it.  The  beat  of  an  eel  caroc 
out  in  the  fame  way. 
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land  tortoifcs  feemed  to  have  the  principle  of  heat  > 
fomething  ftronger,  viz.  about  5 degrees  higher  »; 
than  the  air  they  breathed  in.  Which  I fuppofe 
to  be  the  cafe  of  the  ordinary  breathing  animalsy 
who  indeed  have  lungs  (but  thefe  lungs  of  a wide 
veficular  form)  and  have  their  blood  not  a great 
deal  warmer  than  the  branchial  fifties.  Such  I 
take  to  be  the  fea  torroifes,  toads,  vipers,  and  all 
the  ferpent  kind,  who  all  have  their  lungs  of  the 
fame  fabric,  and  the  fame  cold  conftitution  of 
blood.  But  mod  of  this  fort  of  animals  are  not  | 
able  to  bear  very  great  colds  •,  they  in  the  fevere 
feafons  retiring  into  lurking  places,  where  they 
are  tolerably  well  ftielrered  ; often  perhaps  at  about 
the  middle  temperature  of  gr.  48  or  fo.  Iheir 
vis  vita  is  indeed  in  thofe  feafons  very  low*,  and 
their  wafte  of  fubftance  exceedingly  fmalif.  And 
I fuppofe  the  fame  may  be  faid  of  the  fwallows^ 
and  other  lleeping  birds  and  beafts,  who,  though 
naturally  warm  animals,  much  warmer  than  thofe 
already  mentioned,  are  however  in  their  inert  ftate 
probably  much  colder  than  in  their  adive  and 
lively  feafons. 


* See  Harv.  de  Mot.  Cord  &c.  IV.  p.  28.  XVII. 
p.  65.  Lciftcr  de  Cochl.  p.  164.  de  Bucc.  p.  246, 
251. 

t See  Phil.  Tranf.  Abr.  II.  p.  825.  Leifter  de 
Cochl.  p.  1C3,  165. 
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42.  For  the  heat  of  hot  animals  is  not  uniform- 
ly the  fame  in  all  animals,  and  at  all  times.  That 
admits  of  a very  great  latitude  ; it  varies  according 
to  their  various  kinds  and  the  circumlfances  o£ 
each.  The  i'urface  of  their  bodies  are,  like  other 
things,  much  affetled  by  the  heat  or  cold  of  the 
ambient  ntedium,  and  confequently  wrought  upon 
by  all  the  varieties  of  feafons  and  climates,  if  not 
fulficiently  Ihelrered  from  their  influeiices.  When 
that  is,  their  external  and  internal  heat  is  nearly 
the  fame;  but  ftill  differing  fomething.in  different 
animals. 

43.  Dr.  Boerhaave  * indeed  fpeaks  of  the  heat 
of  hot  animals  as  in  a natural  date  pretty  uniform, 
or  the  fame  in  all,  reckoning  it  commonly  to  be 
inch  as  to  raife  the  mercury  in  the  Thermometer 
togr  92,  or  at  molf  94.  And  fo,  too.  Dr.  Pit- 
cairn’s f heat  of  the  human  Ikin  at  hisgr.  17,  falls 
near  our  gr.  92.  Mr.  Au,ontons|,  by  levcrai 
trials,  found  the  heat  communicated  by  the  human 
body  to  his  Thermometer  to  be  at  dig.  S 

58Tt>  S 8tV  Thefe,  by  calculation,  I find  to 
fall  about  Fahrenheit’s gr.  91 ,92,  and  93.  Sirlfaac 

* Chem.  I.  p.  192,  207,  213,  414,  415,  526. 
t El.  Med.  II.  I.  26. 
t Mem.  Ac.  be.  1703.  p.  235,  243, 
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Newton’s  * gr.  i2,  which  he  makes  equivalent  (c 
the  external  heat  of  the  human  body,  and  to  the- 
heat  of  a bird  hatching  eggs,  comes  to  gr.  95t  in  , 
ours.  Fahrenheit  himfelff  places  his  heat  of  the 
human  body  and-blood  at  gr.  y6.  And  at  this- 
mark  Dr.  Muflchenbroekt  lays,  the  Thermometer 
Hands,  when  it  is  immergcd  in  the  blood  flowing: 
from  an  animaU  though  in  another  place  he 
fpcaks  of^r.  92  or  94,  as  a pretty>igh  degree  off 
heat  for- our  blood. - 

44.  rhave  very  carefully  made  numberlefs  ob-- 
fervations  on  this  fubjed  of  the  heat  of  animals: 
and  from  them  I muft  be  allowed^to  fay,  that  U 
find  all  thefe  reckonings  much  too  general,  and  in- 
the  main  confiderably  too  low.  Tlufpedf  that,  at 
leaf!  in  many  of  them,  there  was  not  fulFicient  time  ■ 
allowed  to  warm  thoroughly  the  bulbs  of  their 
Thermometers  j or  perhaps  at  the  time  of  trial  the  • 
folks  hands  had  not  the  natural  fheltered  heat.  - 
The  human  kind  is  amongft  the  loweft  of  hot  ani- 
mals 11  : and  yet  I by  the  heat  of  my  Ikin  every 
way  well  fheltered,  at  a medium  in. an  infinite 

* Phil.  Tranf.  Abr.  IV.  2.  p.  l,  3.:- 
f Ibid.  p.  18,  52. 

X Eph.  Ultraj.  1728,  p.  679. 

§ EfT.  de  Phyf.  p.  502. 

U Csefalp.  Q^.  Perip,  V.  6.  p.  1 32. 
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number  of  trials,  raife  the  mercury  in  the  Ther- 
mometer to  about  gr.  97  or  98.  In  Tome  it  goes 
a little  higher,  in  others  it  keeps  fomeihing  lower. 
Urine  new  made,  and  that  into  a velTel  of  the  fame 
temperature  with  itfelf,  is  fcarcely  a degree  hotter 
than  the  fkin,  as  I ha\e  found  by  many  repeated 
obfervations.  And  that  heat  of  the  urine  we  may 
reckon  nearly  equal  to  the  heat  of  the  neigh- 
bouring vtfcera.  Dr.  Hales  * found  the  heat  of 
his  fkin  to  be  54,  and  that  of  urine  new  made  58 
degrees  of  his  'i'hermometer,  which  coincide  with 
our  ^r.  99  and  103,  if  the  calcul  that  was  made 
of  the  correfpondcnce  of  his  Thermometer  with 
Fahrenheit’s  had  been  perfe^Uy  exa6l. 

45.  In  the  mean  time,  as  I juft  now  faid,  the 
human  kind  is  among  the  loweft  of  hot  animals. 
Ordinary  quadrupeds,  as  dogs,  cats,  ftieep,  oxen, 
fwine,  <bc.  by  the  heat  of  their  fkin  raife  the 
Thermometer  4 or  5 divifions  higher  than  we,  as 
to  gr.  100,  loi,  102,  and  fome  to  103  or  a little 
more, 

46.  And  the  breathing  or  cetaceous  fiflacs  are 
as  hot  as  they,  as  Dr.  Boerhaavef  very  juftly 
reckoned  j though  he  aferibes  too  fmall  a heat  to 

* Veg.  Stat.  p.  5 9. 
f Clicin.  I.  p.  415. 

them^ 
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them,  and  to  all  other  refpiring  animals,  when  he 
confined  it  within  the  narrow  bounds  of  92  or  93 
degrees.  Thofe  who  have  had  occafion  to  travel 
into  the  Eaft  Indies*  tell  us,  that,  the  blood  of  the 
ISIanati  Fifli,  or  Sea  Cow,  was  fenfibly  warm  to 
the  touch.  And  Mr.  Richer  t>  a curious  enough 
obfervcr  of  natural  things,  found  the  blood  of 
the  porpus  as  warm  as  the  blood  of  land  ani- 
mals. I myfelf  upon  trial  found  the  heat  of  the 
ficin  of  that  amphibious  animal  the  Tea  calf,  to  be 
near  gr.  io2.  In  the  cavity  of  the  abdomen  it  was 
about  a divifion  higher.  In  all  this,  as  in  many 
other  refpe^ls,  agreeing  with  our  ordinary  land 
quadrupeds;  which,  in  the  firudure  and  form  of 
their  vlfceroy  the  breathing  filhes  do  very  much  re- 
femble. 

47.  The  Lord  Chancellor  Bacon  } gives  it  as  a 
current  opinion  that  the  bird  kind  are  very  warm. 
They  are  indeed  the  warmeft  of  all  animals,  warm- 
er flill  than  quadrupeds  by  3 or  4 degrees,  as  I 
have  found  by  experiments  on  ducks,  geei'e, 
hens, /pigeons,  partridges,  fwallows,  6c.  The 
bulb  end  of  the  Thermometer  being  lodged  in  their 

* See  Ent.  Apolog.  &c.  p.  207.  Le  Comte  Mem. 
de  la  Chine,  11.  p.  343. 

f See  Du  Hanv  Hill.  Ac.  Sc.  p.  m.  157.  Mem. 
Ac.  Sc.  1666  — 1668,  Vll.  p.  325. 

^ Nov.  Org.  II.  13.P.  193* 
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groin,  the  mercury  was  raifed  to  gr.  103,  104, 
105,  106,  107;  and  in  a lien  hatching  eggs  I 
once  found  (for  it  is  not  always  fo  high)  the  heat 
at  gr.  1 08. 

48.  It  was,  I prefume,  without  fufficient  ground 
that  the  juft  now  mentioned  noble  lord  * reckon- 
ed the  external  flefti  of  animals,  when  in  aiftion, 
to  be  hotter  than  their  blood,  i^c.  Generally  in 
my  experiments  both  on  birds  and  quadrupeds  the 
vifcera  were  found  near  a degree  hotter  than  the 
fkin  ; though  fometimes  I could  perceive  but  little 
or  no  odds.  And  a Thermometer  thruft  into  a 
fiftulous  ulcer  running  in  amongft  the  mufclcs  of 
the  thigh  in  a man,  (hewed  a heat  very  little  great-  ‘ 
er  than  that  of  the  flieltered  (kin. 

49.  As  the  circulation  is  fo  very  quick  and  free, 
the  heat  of  the  blood  in  the  arteries  and  veins  is 
pretty  much  the  fame,  and  but  a fmall  matter,  it 
may  be  a degree  or  fo,  above  the  common  heat  of 
the  bowels,  or  near  two  degrees  warmer  than  the 
ikin ; a much  fmaller  difference  than  what  Sir 
Jfaac  Newton f and  Dr.  Hales  % afiign  ; according 
to  whofe  reckonings  that  would  be  nolefsthan  10 
or  1 1 degrees. 

* Nov.  Org.  II.  13.  p,  193. 

-f  Phil.  Tranf.  Abr.  IV.  2.  p.  1,  2. 

X Veg.  Stat.  p.  58.  Hacmaft.  p.  98. 
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V Of  the  preternatural  Heats  of  Animals. 

ro.  Thefe  then  are  the  heats  of  animals  as  in 
■my  experiments  they  generally  appeared  to  me. 
But  they  are  not  to  be  held  as  umverfal.  Bef.de 
the  varieties  in  different  individuals,  the  heat  eten 
in  the  fame  animal  docs  not  keep  always  the  fame. 
For  ordinary  indeed,  and  in  health,  the  variations 
are  not  great-,  but  by  difeafes  and  extraordinary 
accidents  it  may  be  much  altered,  and  brought 
both  above  and  below  the  natural  ftandard.  I can- 
not fay  that  I have  yet  had  opportunities  of  making 
obfervations  enough  to  lay  down  any  thing  fuffi- 
dent  or  fatisfadory  concerning  the  heat  of  ani- 
mals in  preternatural  or  morbid  ftates.  However, 
I think  I may  venture  to  fay,  that  it  is  not  fo  vaRly 
great  in  fevers  as  fome  are  apt  to  conjedure. 


The  medical  writers  all  take  notice  of  the 
conftant  and  burning  heats  in  ardent  fevers.  And 
we  are  told  of  the  Emperor  Conftantius  and  of 
fome  others,  that  they  were  of  fuch  a dry  hot 
temperament,  as,  when  heated  by  a fever,  in  fome 
meafurc  to  burn  the  hands  of  thofe  that  touched 
them.  But  this  burning  heat  no  body  then  knew 
how  to  meafure,  or  to  preferve  to  us  any  diftinft 
intelligible  notion  of  it.  The  determining  and  af- 


* See  Bacon.  Nov.  Org«  II.  13*  P-  *9^* 
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fixing  the  due  bounds  to  fuch  things  being  refer- 
\ed  to  this  prefent  age.  'I  he  ingenious  Dr.  Hales* * * § 
fiippofes  the  heat  of  the  blood  in  high  fevers  to  be 
about  gr.  85  in  his  Thermometer,  which  comes  to 
gr.  136-'-  in  ours  ; a degree  of  heat  which,  I believe, 
no  animal  ever  arrives  at,  nay,  which  I reckon 
no  living  creature  is  able  to  bear.  Dr.  Boerhaavef 
furniflieth  us  with  fome  curious  obfervations  of 
animals  yery  foon  deftroyed  in  air  of  gr.  146,  who 
all  died  in  lefs  time  than  what  would  have  been  ne- 
celfary  to  bring  their  bodies  up  to  the  hear  of  gr. 
136.  A Thermometer  put  into  one  of  their 
mouths  a little  after  its  death  hood  at  gr.  1 10. 

5 2.  Nor,  on  the  other  hand,  would  I fuppofe  the 
fever  heat  fo  low,  or  that  low  heat  fo  dangerous, 
as  the  great  Dr.  Boerhaave  f Teems  to  do.  He  is 
. afraid  of  its  coagulating  the  ferurn  of  the  blood, 
reckoning  that  terrible  mifehievous  work  might  be 
eflcfted  by  a degree  of  heat  not  much  above  gr. 
100.  Whence  Dr.  Halcs]|,  and  Dr.  Arbuthnotf, 
led  thereto  by  Dr.  Boerhaave’s  authority,  affirm, 

* Veg.  Stat.  p.  60. 

-f  Chem.  I.  p.  275. 

X Aph.  96,  689.  Chem.  I.  p.  343.  H.  p.  352, 
3-53»  378,  2i3>  357>  358. 

5 EIxmaft.  p.  104,  105. 

§ Eff.  on  Air,  p.  114,  211. 
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that  the  natural  heat  of  the  blood  of  a human  crea- 
ture approaches  very  near  the  degree  of  coagula- 
tion. But  I have  feen  fevers,  and  thele  not  ex- 
ceflivelv  violent  neither,  wherein  I was  allured,  by 
obfcrving  the  heat  of  the  Ikin,  that  the  blood  was 
5 or  6 degrees  above  too,  without  apprehend- 
ing any  fuch  danger,  or  experiencing  any  fuch  fa- 
tal efFe£ls*.  Such  a heat,  if  neglected  or  wrong 
managed,  may  indeed,  as  Hippocratesf  very  juftly 
obferves,  dilhpate  the  more  thin  and  watry  parts, 
and  fo  gradually  thickening  the  whole  inafs  of 
blood,  have  bad  enough  elFeds  that  way ; if  it  do 
not  bring  on  a putredinous  thinnefs.  But  diretlly 
to  coagulate  the  Jerum  of  blood,  or  the  white  of 
' an  egg,  by  feveral  trials  I found  a heat  requilite 
beyond  any  thing  ever  we  can  experience  in  a li- 
ving animal.  They  continue  thin  and  liquid  till  the 
Thermometer  points  at  156  or  fo.  Which  is 
an  arithmetical  mean  betwixt  the  ordinary  heat  of 
human  blood  at  gr.  99  or  too,  and  that  of  boiling 
water  at  gr.  2 1 2 j exceeding  the  one  juft  as  much 
as  it  falls  Ihort  of  the  other. 

♦ In  the  ague  1 had  lately,  during  the  height  of 
the  paroxyfm,  the  heat  of  my  Ikin  was^r.  106;  and 
fo  that  of  my  blood  ^r.  107  or  108.  And  farther, 
what  is  very  remarkable,  in  the  beginning  of  the  fit 
when  I w-as  all  Ihivering,  and  under  a great  fenfe  of 
cold,  my  Ikin  was  however  2 or  3 degrees  warmer 
than  in  a natural  healthy  ftate. 

I IV,  De  Morb.  XXIU.  23,  &c. 
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53.  But  no  animal,  I fay,  can  bear  a heat  near 
this.  Befide  the  bad  elFefe  it  would  have  upon 
the  fluid,  1 know  our  nerves  are  not  able  to  en- 
dure fuch  a fcorching  heat.  If  that  be  but  a few 
degrees  hotter  than  our  blood,  ic  comes  to  be  into- 
lerable. Sir  llaac  Newton*  and  Mr.  Amontonsf 
felt  water  too  hot  for  their  hands  ftirring  in  it 
cafily  to  bear  atgr.  ic8.  I fufpe^f  indeed  the  full 
heat  of  the  water  had  not  been  thoroughly  com- 
municated to  their  too  bulky  Thermometers.  I 
find  It  becomes  fcalding  hot  to  my  hands  and  feet 
at  gr.  I 1 2 or  114.  And  fo  I reckon  will  moft  peo- 
ple find,  who  have  not  their  organs  too  callous. 
We  (hould  not  however  judge  of  the  delicacy  of  the 
body  by  the  fenfation  of  the  hands,  which  in  many 
folks  by  labour  and  ufe  are  rendered  preternatural- 
ly  infenfible.  Mr.  Amontons’s  valet  could  bear  wa- 
ter of  the  heat  of  gr.  j22.  And  I have  feen  folks 
who  could  handle  things  freely  I could  not  well 
touch.  I doubt  not  but  the  hotter  animals  can 
likewife  bear  a greater  heat  than  we.  And,  on  the 
other  fide,  fithes  and  cold  animals  may  be  fcalded 
to  death  w’ith  a heat  lefs  than  that  of  our  blood. 
A perch,  one  of  the  moft  lively  of  the  branchial 


* Phil.  Tranf.  Abr.  IV.  2.  p.  2. 

f Mem.  Acad.  Sc,  1703.  p.  236,  244. 
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ii flies,  died  in  three  minutes  in  water  heated  but 
to  gr.  96  *. 

54.  At  firfl:,  men  often  gave  names  to  things 
from  certain  relemblances,  without  pretending 
thereby  to  underhand  or  exhibit  their  natures. 
And  in  this  view  phyficians  may  continue  to  talk 
of  the  TO  ^the  fehrh  ardens,  and  inJiammatiCftj^ 
and  freely  ufe  thele  and  other  fiery  names,  if  they 
mean  no  more  by  them  (as  it  is  likely  they  did  not 
in  the  original  ufe  of  them)  than  a figurative  way 
of  cxprelfing  extraordinary  heats  of  the  body,  or 
the  heat  of  the  blocd  carried  conflJerably  beyond 
its  natural  hate.  But  from  undeniable  experiments 
we  fee  they  mufi:  be  much  miftaken,  who  not  con- 
fining themfelves  to  the  figurative  ufe  of  thcfe 
■ names,  and  led  aflray  by  vain  and  ill-grounded 
theories,  talk  of  real  fcorchings  of  the  body,  and 
aftual  burnings  of  the  heart  and  other  vifcera^  of 
ebullitions  and  cfFervcfcences  of  the  blood,  of  its 
being  kindled  and  ready  to  burfl;  into  flame f,  and 
of  other  fuch  fiery  defcriptions  of  heats,  which 
no  animal,  while  in  life,  can  be  brought  into.  So 
that  thefe  are  ways  of  fpeaking,  which,  to  prevent 
miflakes,  fliould  have  no  place  out  of  poetry  •, 
where  alone  fuch  bold  figures,  and  thefe  ex  prefled 
in  fuch  a ftrong  manner,  without  any  reilriftion, 

* MufTchen.  Tent.  Exp.  Ac.  CIci.  Add.  p,  112, 

•f  Willis  Pliarm.  Rat.  II.  p.  22. 
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are  to  be  allowed.  Thus  fome  people  by  their^ 
profelTion,  may  be  permitted 

Jecur  to  burn^  and  Cor  to  pierce^ 

As  either  befl /applies  their  verfe 

But  for  others,  who  from  the  nature  and  great" 
confequence  of  the  fubjedf  they  deal  in  (hould  be 
more  Itridly  tied  to  trutli,  gravely  to  talk  of  the 
liver  burning  up  the  bile,  and  fpeaking  of  the 
heart  as  'they  would  of  a piece  of  red-hot  iron, 
burning  the  hands  of  thofe  that  touch  it  f,  or  boil- 
ing up  into  froth  the  blood  that  falls  into  it  | ; 
and  others  to  give  out  the  ftomach  as  a kettle  boil- 
ing our  food  by  its  great  heat  1|  ; fuch  alTertions, 
I fay,  as  thefe,  are  unwarrantable  impofitions  on 
the  fenfes  of  mankind,  and  fliould  be  dropt  by  all 
fober  thinking  men. 


* Prior,  Alma,  p.  87. 

f Abu.  Jaafar'Ebn.  Tophail.  Philof.  Autodid.  p. 
64.  AH  Rodoan  apud  Gom.  Pereir.  Antonian.  Marg. 
p.  326,  770.  Columb.  de  Re  Anat.  XIV  p.  m.  477, 
481.  Diemerbr.  Anat.  II.  6. 

Des  Cartes  de  Mcth.  5.  p.  29.  De  Horn.  p.  8. 
De  Form.  Fat.  § 18,  72.  De  Paff.  I.  8,  9.  Epdl. 
I.  52. 

|j  Hipp.  apud  Celf.  Med.  Praf.  p.  6.  Stukely  of 
the  Spleen,  p.  35. 
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55.  We  fee  then  that  nature  feldom  carries  the 
body  or  blood  of  animals  to  a degree  of  beat  very 
much  beyond  its  ordinary  healthy  temperature. 
Nor  indeed  are  we  able  to  bear  any  very  great  ex- 
ccfs  of  that  kind,  either  in  the  body  itlelf,  or  in 
the  medium  without  us.  We  can,  however,  on  the 
other  hand,  endure  greater  excelTes  of  cold,  at  lea(t 
externally  alfecling  us;  there  being  many  remark- 
able inilances  of  the  furface  and  extremities  under- 
going very  great  colds  without  being  abfolutely  de- 
itroyed.  We  have  all,  I fuppofe,  lome  time  or 
other,  even  here,  experienced  very  fliarp  nipping 
colds.  Thefe,  however,  are  nothing,  comparetl 
to  the  frightful  accounts  we  have  had  of  the  great 
prevalency  of  cold  on  the  bodies  of  men  and  other 
animals  in  the  more  northern  countries.  Often 
are  they  quite  frozen  to  death  ; but,  at  other  time?, 
though  the  cold  has  gone  a great  length,  they  are 
happily  recovered.  W'’e  have  been  told  of  ani- 
mals found  lliff  cold  in  their  lurking  places,  or 
buried  in  lumps  of  ice,  that,  by  the Jlimulus  oi 
pain  or  a warmer 'air,  have  been  again  brought  to 
their  life  and  fenfes.  Partial  freejfings  of  the  nofe, 
hands,  feet,  of  the  human  body  arc  frequent. 
But,  what  is  much  more,  there  are  inftancesf  of 

* Boyle  Exp.  on  Cold,  Abr.  I.  p.  671,  673. 
Quefnay  Oecon.  Anim.  p..  25. 

f Fabr.  Uild.  de  Gang.  &c.  XIII.  p.  792. 
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men  being  fo  frozen  by  the  lump,  that  when 
plunged  into  cold  water  they  couti  acted  a cover  of 
ice  over  their  whole  body,  which  therefore  in  all 
its  exterior  parts  mull  have  had  a cold  confider- 
ably  under  gr.  32.  If  it  came  fo  low  asgr.  25  the 
blood  mufl  have  been  frozen  in  fome  of  its  veflels. 
However,  even  in  this  terrible  threatening  hate, 
when  the  whole  body  feemed  to  run  luch  a rilk 
of  congelation  and  the  fleep  of  death,  by  good 
management,  w'ell  underftood  in  thefe  intemperate 
countries,,  people  have  been  recovered  to  their  life 
aiiain.  In  fuch  extreme  cafes  one  would  think 

O 

that  the  internal  heat  too  mufthave  been  conli- 
dcrably  im'paired ; but  how  low  that  may  be  car- 
ried without  danger  or  immediate  death,  we  can- 
not vet  determine.  In  the  mean  time,  the  mea- 

4 

Turing  the  heat  of  the  birds  and  beads  that  pafs 
the  winter  in  a (late  of  fleep  and  infenfibility,  might 
give  us  fome  light  into  this  matter. 

Thus  much  in  general  of  the  heat  of  animals; 
that  I'ubjecl  having  been  more  minutely  handled 
in  another  treatife,  De  calore  animalium. 

What  follows  is  more  in  the  nature  of  a plan  of 
what  is  propofed  or  fjould  be  done  on  the  refpeElive 
heads  i than  any  thing  fully  executed  on  them. 

Heads  to  be  added. 

VI.  Of  the  heats  of  waters,  oils,  and  falts,  accord- 
ing to  their  fluidity  and  confdlency. 


YU.  Of 


152 


The  VARTOUS  DEGREES 


VII.  Of  the  melting  and  fliining  heats  of  metals 
and  minerals. 

VIII.  Of  the  boiling  heats  of  liquid  and  meltedi 
bodies. 

IX.  Of  the  heats  of  flame  and  fire.- 

VI.  Of  the  heats  of  Waters,  Oils,  and  Salts,  accor-- 
ding  to  their  fuidity  and  confijlency. 

The  confiftency  or  fluidity  of  molt  bodies  are 
no  eflential  or  permanent  properties  in  them  j but 
are  rather  a fort  of  circumrtances  or  accidents  ma-- 
nifeftly  depending  on  the  various  degrees  of  heat 
applied  to  them.  Some  of  the  hardefl  bodies  may 
be  reduced  to  a floor  by  fire.  Stones,  metals, 
falts,  <bc.  fome  by  lefs,  fome  by  greater  degrees- 
of  heat  may  be  melted  down  into  fluids  ; which 
only  continue  fo  as  long  as  the  requifite  heat  lafts. 
On  the  other  hand,  moft  of  thofe  bodies  which  to  • 
us  commonly  appear  in  a fluid  ftate,  by  cold,  or. 
the  diminution  of  heat,  may  be  l^-ought  to  a con- 
fjftent  form.  And  if  there  be  fome  fluids  which 
have  never  been  feen  to  freeze,  this  may,  with  a 
great  fhew  of  reafon,  be  afcribed  to  the  difliculty, 
or  perhaps  impoifibility,  of  getting  altogether  rid 
of  heat.  And  for  the  greater  ifluflration  of  the 
doiStrine  of  heat,  and  to  get  a farther  view  into 

the 
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the  natural  hiflory  and  philofophy  of  bodies,  we 
will  here  endeavour  to  fettle  the  limits  of  firmnefs 
and  iluidity  in  a great  many  of  them,  as  far  as  our 
own  or  other  people’s  obfervations  can  carry  us  : 
for  the  greater  uniformity  reducing  them  all  to 
Fahrenheit’s  fcale  ; which  we  will  fuppofe  protradl- 
ed  even  much  beyond  the  heats  his  Thermometer 
could  bear. 

It  is  a bold,  but  a very  juft  exprefTion  of  Sir 
Ifaac  Newton*,  when  he  cal’s  “ JVaterz  fluid  tafte- 
“ lefs  fait;  which,”  adds  he,  “ nature  changes  by 
“ heat  into  vapour,  and  by  cold  into  ice,  which  is 
“ a hard  fuftble  brittle  fvone,  and  this  ftone  rc- 
turns  into  water  by  heat.”  Agreeable  to  which 
view  of  things.  Dr.  Boerhaavef  calis  water  a kind 
of  glafs  that  melts  at  a heat  any  thing  greater  than 
gr.  32  ; the  boundary  between  water  and  ice. 

All  our  ordinary  liqyors  are  but  water  w'iih  an 
additional  mixture  of  oils,  falts,  and  earth  ; and 
have  all  or  moft  of  them  been  obferved  to  freeze, 
fome  at  a greater  and  fome  at  a lefs  degree  of  cold, 
under  the  freezing  of  common  elementary  water. 

The  animal  liquors  generally  lofe  their  fluidity 
cafdy  enough.  Dr.  Boerhaave  if  fpeaks  as  if  blood 


* Opt.  p.  347. 
f Chem.  I.  p.  399,  6r4, 
if  Chem.  1 1.  p.  377. 

• ■ would 
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would  freeze  as  Toon  as  water,  viz.  atj^r.  32. 
But  on  trial  it  is  found  to  refift  the  cold  foniething 
more.  The  blood  of  a lamb  was  not  frozen  at 
gr.  29-,  but  it  was  turned  into  ice  at  gr.  25  *. 
And  Tome  of  the  cold  animals  preferve  the  fluidi- 
ty of  their  liquors  {fill  more  obftinately.  Some 
infedls,  indeed,  were  killed,  and  their  bodies  har- 
dened, at  about  20  f.  But  there  are  others 
that  reflfled  the  cold  below  gr.  4 ; prcferving  the 
life  and  foftncfsof  their  bodies,  and  the  fluidity  of 
their  juices 

Milk  is  not  ill  to  harden,  freezing  I think  at 
about  gr.  30. 

Ordinary  freezes  at  28,  though  if  it 
be  flrongly  impregnated  with  falts  and  oils  it  may 
continue  fluid  in  a cold  fomewhat  greater. 

Fermented  liquors  do  not  freeze  fo  eafily  as  fimple 
water-,  and  the  ftronger  they  are,  they  can  bear 
the  greater  cold  ; and  when  they  are  frozen,  it  is 
the  weakcfl:  parts  that  fuft'er  firft,  the  ftronger  and 
more  fpirituous  often  continuing  fluid.  Small  beer 
and  finall  wines  eafily  turn  into  ice  ; and  the  great 
colds  in  Mufcovy,  Greenland,  Hudfon’s  Bay,  ba 

» 

* Reaumur  in  Mem.  Ac.  Sc.  1734.  P-  260.. 

j-  Ibid.  p.  259. 

% Ibid.  p.  257,  258. 
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froze  the  ftrongefl:  wines,  as  ftrong  claret,  Mala- 
ga, Alicant,  cirr.  * 

Such  colds  were  certainly  very  great;  but  thofe 
who  had  occafion  to  obferve  them,  had  not  the 
means  of  taking  any  exafl  eftimate  or  determined 
meafure  of  them;  which,  if  an  opportunity  were 
offering,  we  can  do  now  with  greater  certainty  f. 
Not  only  the  Ifrongeft  wines  may  be  frozen. 
Brandy  itfelf  has  been  converted  into  ice  |j ; the 
ftronger  part,  if  there  be  bulk  enough  of  the  li- 
quor, ulually  retiring  to  the  center,  (as  in  the  freez- 
ing of  ftrong  wine),  and  there  conftitutinga  ftrong- 
er fpirit  of  wine  feparate  from  the  reft.  And 
fuch  muft  undoubtedly  have  been  a very  great  cold. 
Brandy  eluded  Dr.  Muffchenbrock’s :{;  attempt  to 
freeze  it  with  the  cold  of  fnow  and  beaten  ice.  A 
mixture  of  tolerably  well  redlificd  fpirit  of  wine 
and  water  in  equal  parts,  which  I reckon  would 
make  a liquor  about  the  ftrength  of  common 
brandy,  was  not  frozen  but  with  the  cold  of  gr. 
7.  A weaker  mixture  of  1 part  fpirit  to  3 of 
water,  froze  at  gr.  7.  But,  on  the  other  fide,  a 


* See  Boyle  Exp.  on  Cold,  Abr.  I.  p.  594,  607, 
€09,610.  Scept.  Chyin.  Abr.  III.  p.  281 . Phil.  Tranf. 
Abr.  II.  p.  152.  Merret.  Exp.  of  Cold,  p.  47,  48. 

f-  Lad  winter  I found  good  Burgundy,  ftrong  cla- 
ret, and  Madeira,  to  freeze  at  about  20. 

II  Boyle  Exp.  of  Cold,  Abr.  I.  p.  594. 

4;  Tent.  Exp.  Ac.  Cim.  Add.  p.  176. 
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ftrong  mixture,  wlierc  the  fpirit  was  double  the 
water,  did  not  freeze  till  the  cold  came  down  to 
— gr.  1 1 

But  Mr.  de  Reaumur’s  re£fified  fpirit  of  wine 
itfelf  underwent  nn  the  winter  at  Torneao  a cold 
greater  than  any  thing  he  was  able  to  make  in 
France.  There,  too,  it  was  frozen  f,  though  at 
what  degree  we  cannot  tell.  Only  we  are  fure  that 
the  cold  able  to  do  it  was  no  greater  than  — gr.  34; 
perhaps  a good  deal  lefs.  If  people  were  apprized 
and  on  their  guard,  this  might  be  accurately  c- 
nough  determined  in  fuch  cold  countries ; where 
I fuppofe,  the  moft  perfect  alcohol  might  be  fro- 
zen, and  perhaps 'even  the  lately  invented  etherial 
fpirit  of  wine  itfelf. 

Vinegar  is  the  produce  of  a fecond  procefs  of 
fermentation,  whereby  all  the  oil  and  fpirits  of 
the  wine  are  converted  into  a lean  acid  liquor, 
that  refills  cold  pretty  much,  and  (like  wine  and 
ardent  fpirits)  the  Itronger  it  is,  the  more.  Com- 
mon vinegar  is  indeed  not  difficult  to  freeze,  that 
may  ordinarily  happen  at  aljout^r.  28.  But  when 
freed  of  a great  deal  of  its  phlegm  by  diftillation, 
under  the  name  of  fpirit  of  vinegar,  it  refifts  a 
much  greater  cold.  However,  it  was  frozen  when 
expofed  to  an  intenfe  cold,  as  Mr.  Boyle tells  us^ 

* Reaumur  in  Mem.  Ac.'Se.  i734>  p«  255* 
f Mupert  Fig.  de  la  Terre,  p.  38. 

X Exp.  on  Cold,  Abr.  I.  p.  593. 
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as  alfo  when  furroundcd  by  an  artificial  mixture  of 
ftiow  and  I’pirit  of  nitre.  But  Dr.  Muflchcn- 
broek’^,  who  tried  theexperiment  aXter  Mr.Boylef, 
neglected  to  obfcrve,  or  at  leaft  to  tell  us,  the  cold 
of  that  vinegar  ice.  In  this  freezing  there  was  a 
part  of  it  continued  fluid  ; the  firongeft  and  mofl 
concentrated  vinegar  that  can  well  be  imagined. 
And  yet  this  too,  by  a new  application  of  the  cold 
mixture,  was  wholly  turned  into  ice|;  whereby 
its  flrength  and  acidity  was  confiderably  impaired. 

But  the  flrong  mineral  acid  fpirits  preferve 
their  fluidity  much  better;  excepting,  however,  oil 
of  vitriol,  which  begins  congelation  (or  coagu- 
lation rather)  near  as  foon  as  fair  water  j|.  In 
the  trials  which  Mr.  Boyle  4-  and  Dr.  Merrct^ 
made  in  the  very  cold  weather,  they  found  nothing 
of  freezing  in  aqua  fortis,  fpirit  of  nitre,  fpirit 
of  fait,  vitriol,  ilfc.  Nay,  the  ordinary  cooling 
mixtures  do  not  affetSl  them.  But  Fahrenheit,  by 

* Tent.  Exp.  Ac.  Cim.  Add.  p.  175. 

'f  Exp.  on  Cold,  Abr.  I.  p.  59°* 

4;  Muflehen.  ibid  p.  176. 

h Merrct  Acc.  of  Freez.  p.  8.  Confer.  & Boyle, 
Abr.  I.  p.  396,  559.  in.  p-  482.  But  it  feems  this 
its  difpofition  to  freeze  or  coagulate  goes  off  by  time, 
isee  Muflehenbr.  Elf.  Bhyf.  § 920. 

\ Boyle  Exp.  of  Cold,  Abr.  I.  p.  596. 

^ Mcrret  Acc.  of  Freez.  p.  17. 

O 
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reiterating  fuch  cold  efFufions  produced  a very  in- 
' tenfe  cold  at — gr.  40,  whereby  fpirit  of  nitre  it- 
felf  congealed  and  fhot  into  cryftals  *. 

The  alcaline  fpirits  do  not  feem  to  be  endow- 
ed with  fo  great  a power  of  refifting  cold.  Spirit 
of  urine  and  fpirit  of  human  blood  were  frozen  in 
cold  weather  in  England  f.  And  a cooling  mix- 
ture of  fnow  and  fpirit  of  nitre,  congealed  fpirit  of 
fal  ammoniac  made  with  lime  :j;.  This  mixture 
was  able  to  freeze  fpirit  of  vinegar,  and  weak 
fpirit  of  fait,  and  to  turn  other  faline  liquors  into 
figured  ice.  But  it  had  no  difcernible  influence 
‘on  fpirit  of  nitre. 

Water  impregnated  with  a moderate  quantity 
of  any  of  the  ordinary  falts  freezes  in  cold  wea- 
ther ; as  with  fugar,  alum,  vitriol,  nitre,  fea-falt, 
verdigreafe,  arfenic,  fal  ammoniac,  kelp,  lixiviate 
fait,  §.  But  a folution  of  fal  gem  did  not 
freeze  with  the  reft  1|.  And  oil  of  tartar  /er 
deltquium  was  brought  to  congeal  only  by  a 


'*  See  Boerh.  Chem.  I.  p.  164,  165. 

•J-  Boyle  Exp.  on  Cold.  Abr.  I.  p.  593,  ypy, 
Exp.  on  Blood,  III.  p.  482. 

Ibid.  p.  590. 

§ Boyle  Exp.  on  Cold,  Abr.  I.  p.  590,  593,  596. 
Merrct  Ibid.  p.  4,  5,  7. 
jl  Merret  Ibid,  p.  7,  8,  47. 


mixture 


OF  HEAT  IN  BODIES. 


*59 


mixture  of  fnow  and  fait  Sea  water  freezes, 
whatever  has  been  inadvertently  faid  to  the  con- 
trary. The  northern  voyages  are  full  of  this  f. 
The  Zuyder  Sea  in  Holland  is  often  frozen  up. 
And  the  Baltic  is  a ftrong  inftance  ofierlng  itfclf 
every  year  of  the  fea  water  being  converted  into 
ice.  Nay,  it  freezed  at  London  with  Mr.  Boylej. 
And  I have  found  fmall  parcels  of  faline  bitter  ice 
in  fome  places  of  our  fea  rocks,  where  the  water 
had  been  tolTed  up,  and  allowed  to  ftagnate.  The 
freezing  point  of  fea  water  is  at  gr. 

But  water,  when  fully  faturated  with  thofe 
falts,  cloth  not  ealily  freeze  §.  That  fuch  folutions 
rehfted  the  colds  in  England,  will  not  be  wonder- 
ed at.  But  we  are  told  that  a flrong  brine  of  bay 
fait  cannot  be  frozen  even  in  the  northern  coun- 
tries Ij.  And  fyrups,  which  are  but  flrong  folu- 
tions of  fugar  and  water  boiled  up  together,  are. 
not  congealed  with  any  ordinary  cold* * * §\ 


* Boyle  Ibid.  p.  595,  596. 

f See  MufTchenbr.  EfT.  Phyf.  J 925* 

Exp.  of  Cold,  p.  m.  147. 

§ Boyle  Exp.  on  Cold,  Abr.  I.  p.  597.  Mcrret 
ib.  p.  6. 

II  Phil.  Tranf.  Abr.  11.  p.  152. 

Merret  Ibid,  p-  52,  53.  . 
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• ' Of  Oils, 

Oils  too  may  be  frozen,  or  at  leafl  coagulated 
by  cold.  And  fome  of  them,  as  the  refins,  com- 
mon fulphur,  fpermaceti,  tallow,  butter,  exiR 
ordinarily  in  a confident  form,  though  in  their 
j ature  they  are  as  truly  oils  as  thofe  that  mofl  ob- 
ftinately  retain  their  fluid  ftate.  Bat  as  oils  are 
gradually  thinned  by  heat  or  thickened  by  cold, 
the  limits  between  their  confiftcncy  and  fluidity 
are  not  fo  exa£lly  determinable  in  them  as  in  wa- 
try  fubdances. 

Very  many  oils  prcferve  their  fluidity  in  great 
colds  *.  VVc  have  not  heard  of  the  ordinary  di- 
flilled  oils  being  frozen  ; except  that  once  Mr. 
Boyle f found  that  unreclifled  oil  of  turpentine 
bad  its  upper  part  turned  to  ice.  And  oil  of  anife 
for  ordinary  appears  in  a fort  of  butter  date  till  it 
be  warined  to  gr. 

Even  many  of  the  exprefled  oils  ftand  out  the 
.old  very  vvellj  fuch  as  oils-  of  lintfeed,  hemp- 
feed,  nuts,  fwcet  almonds,  But  common 


* See  Boyle  Exp.  on  Cold,  Ab.  I.  p.  jyd,  597* 
Orig.  of  Heat,  &.c.  Abr.  1.  p.  559. 

t Ibid.  p.  597. 

} Boyle  Grig,  of  Heat,  &c.  Abr.  p.  559.  Esp. 
on  Cold,  Ahr.  I.  p.  5^8. 
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oil  of  olives  ftiffens  and  grows  opaque  very  foon, 
as  at  about  gr.  43.  But  different  oils,  and  diffe- 
rent parts  of  the  fame  oil  freeze  at  different  degrees 
of  heat.  So  that  we  fee  fome  part  of  this  oil 
fometimes  continue  fluid  in  pretty  ftrong  frofts. 

Wax  is  a vegetable  oil  collected  from  flowers 
by  the  bees.  This  fwims  on  water,  and  does  not 
lofe  its  firmnefs  and  opaquencfs  till  that  be  heated 
to  gr.  142. 

All  the  refins  may  be  looked  on  too  as  vege- 
table oils,  and  they  melt  with  a heat  below  that  of 
warm  water.  Common  rofin  comes  to  a fort  of' 
fluid  by  the  heat  of  about  gr. 

Many  of  the  mineral  oils  appear  for  ordinary 
fluid,  as  petroleum,  naphtha,  ^c.  nor  are  we  yet 
informed  at  what  cold  they  become  firm.  Others 
again,  as  afphaltos,  fuccinum,  ^c.  we  find  always 
in  a firm  dry  form ; but  which  may  be  melted  by 
heat.  And  fulphur  too  is  fuch  an  oil.  And 
flowers  of  brimftone,  that  is  to  fay,  pure  fulphur,  ^ 
melts  into  a fluid  with  the  heat  of  gr. 

Train  oil  does  not  cafily  freeze  And  I fup-- 
pofe  it  was  from  this  that  Olaus  Magnus  | tells  us, . 
that  it  is  ufual  in  the  northern  regions  to  fill  up 
the  frozen  ditches  of  fortified  places  with  train  ‘ 
oil  in  the  winter,  to  preferve  the  lower  w'ater fluid.- 


Boyle  Exp.  on  Cold,  Abr,  I,  p,  596,  598.' 

f Vid.  Ibid.  p.  596. 

O3 


But- 


i62  The  VARIOUS  DEGREES 


But  Mr.  Boyle*  and  Dr.  Merretf  found  it  fro2en' 
even  by  the  cold  weather  of  England. 

But  the  other  ordinary  animal  oils  rather  take  » 
confiderable  heat  to  keep  them  fluid.  Butter  is  fuch 
an  oil  And  that  in  the  month  of  May  took  a. 
heat  between gr  8o  and  po  to  oil  it:  but  being  To 
heated,  it  keeps  fomething  thin  till  it  fall  to  about 

gr.  74- 

Hogs  lard. 

Tallo-w. 

Spermaceti  is  the  firmer  part  of  the  oil  of  the' 
Macrocephalus  or  Dentatus  whale  j and  does  not 
melt  with  a heat  under  gr. 

Of  Sa/tf. 

We  lately  propofed  common  water  as  a tafie- 
lefs  fait  diflblvable  by  a fmall  degree  of  heat. 
What  if,  on  the  other  hand,  we  fhould  reckon  the 
ordinary  falts  as  dift'erent  waters  brought  to  a li- 
quid ftate  by  a greater  degree  of  fire,  feme  fooner, 
fome  later 

Alum  melts  into  a fluid  at  gr. 

Sea  fait. 

t 

Borax. 

Uitre. 

Sal  ammoniac. 

Strong  alcali  fait. 

Vitriol. 

* Eoyle  Exp.  on  Cold,  p.  596. 

t Merr.  Ibid.  p.  47. 
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VU,  Of  the  melting  and  Jin  ning  Heats  of  Metals 
and  Minerals. 

And  now  are  wc  come  to  confider  thofe,  which 
of  all  terreftrial  bodies,  except  elementary  earth 
itl'elf,  are  the  moll:  conliflent  and  firm,  and  moflr 
fufceptible  of  the  greatell  heats ; I mean  metals 
and  mineral  fubflances.  Ihey  are  naturally  in  a 
conlillent  form  : but  Tome  of  them  flow  at  a mo- 
derate enough  fire;  while  others  require  fo  intenfe 
a heat  to  diflblve  them,  that  we  find  it  diflicuk 
how  to  bring  it  to  a calcul. 

$ 

fhfichflver  is  always  reckoned  in  the  clafs  of 
metals.  But  it  is  lo  far  from  the  common  con- 
fiftent  for  n and  appearance  of  other  metals,  that 
it  may  juflly  be  looked  on  as  the  trueft,  vifible, 
and  tangible  fluid  in  the  world.  By  fome  flight 
additions  it  may  indeed  be  robbed  of  that  proper- 
ty. But  when  left  to  itfclf  pure  and  unmixed, 
it  ahvays  prcferves  its  fluidity  in  the  very  greateft 
colds  natural  or  artificial  that  have  ever  been  ob- 
lerved  *. 

* Sec  Boyle  Exp.  on  Cold,  Abr.  I.  p.  597.  Boerh. 
Chem.  I.  p.  36,  165,  De  Maupert.  Fig.  de  la 
Terre,  p.  58. 
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Of  all  the  ordinary  fimple  metals  or  metallic 
fubftances  tin  lofcs  its  confiflency,  and  flows  the 
eafieft,  or  with  the  loweft  heat-  By  Sir  Ifaac 
Newton’s  obfervation  reduced  to  the  num- 
bers of  our  Thermometer,  it  melts  at  gr: 

+32=:'\4c8.  Dr,-  Muflchenbroek’s 


experimentsf  carried  it  but  a little  higher,  ■y/z.  to* 


And  there  may  be 


greater  differences  from  accidental  mixtures.  Sir 
Ifaac’s  experiments  of  moft  of  the  heats  below  this" 
of  tin  are,  I believe,  pretty  near  the  truth. . The* 
heats  beyond  this  being  deduced  in  a more  preca-- 
rious  way,  we  cannot  be  fo  fure  of. 

Lead  is  the  metal  next  to  tin  that  fluxes  eafieft; 
But  here  I do  not  find  diflcrent'folks  obfervations  • 
agreeing  fo  well  as  in  the  other.  In  Sir  Ifaac’s  * 
way  of  finding  out  the  heat  of  lead  beginning  to 
melt,  that  would  fall  on  our  540  But  accor-- 
ding  to  Muflchenbroek’s  experiment  § reduced  to  • 
our  numbers,  the  mercury  by  fuch  a heat  Ihould 
rife  to^r.  769  j were  it  fulceptible  of  fuch  a great. 


* Phil.  Tranf.  Abr.  IV.  2,  p.  2,  4. 
f Tent.  Exp.  Ac.  Cim.  Add.  II.  p,  21.* 
f Ibid.  p.  2, 

^ Ibid. 
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expanfion  in  a regular  manner.  And  Mr.  Amon- 
tons*  found  gun-powder  to  be  kindled  by  the  fame 
heat  that  melted  lead. 

Some  bodies,  by  being  combined  into  one  mafs, 
become  more  firm  than  either  were  in  a feparate 
hate.  And,  on  the  other  hand,  others,  when  put 
together,  m.ake  a compound  more  difiblvable  than 
its  ingredients;  much  contrary  to  our  expedbtions.. 
So  little  fhould  we  pretend  a priori  and  without  ex- 
periments to  determine  the  nature  and  properties 
of  bodies. 

Thus  lead  and  tin  may  be  mixed  together  in 
fuch  proportions,  as  that  the  whole  flrall  melt  more 
eafdy  than  even  tin  itfelff.  A compound  of  three 
parts  tin  and  two  of  lead  Sir  Ifaac  found  to  melt 

at  his  gr.  57,  or  our  32  = ^334 

34  ' 

But  if  the  lead  be  in  a gi eater  proportion  to  the 
tin,  a higher  heat  than  that  of  melting  tin  isrequi- 
fite  to  make  the  compound  flow.  For  he  expe- 
rienced a heat  of  gr.  460  to  be  required  to  melt  a 
mixture  of  four  parts  lead  undone  part  tin  1|.  When 
the  lead  was  to  the  tin  as  5 to  i,  that  heat  was 
not  able  to  keep  the  mixture  in  fuGon 


* Mem.  Ac.  Sc.  1703.  p.  247. 
f Muflehenb.  Ibid.  Boerh.  Chem.  T.  p.  75**^ 
t Phil.  Tranf.  Abr.  IV.  2.  p.  2. 

II  Ibid. 

§ Ibid.. 
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What  ftill  vaftlyincreafes  the  fufiblenefs  of  thefe 
metals  is  the  addition  of  bifniuth  or  tin-glafs,  a 
marcafite  or  fulphureo-metallic  fubftance,  not  fo 
eafily  melted  as  tin.  That  bifmuth  Sir  Ifaac  New- 
ton ufed  in  thefe  curious  experiments,  we  fhall  juft 
now  have  occafion  to  copy  from  him,  did  not  melt 
with  a heat  under  460*.  And  Dr.  Muffchen- 
broelc’s  bifmuth  was  much  harder  to  diflblve,  to 
wit,  at^r.  1051  f.  And  a golden  marcafite,  though 
more  fluxil,  took  gr.  ^06  to  melt  it. 

A mixture  of  tin  and  tin-glvifs  melts  at  a heat 
lefs  than  what  is  requifitc  to  melt  either  feparatelyj:. 
When  they  were  in  equal  quantities,  the  compound 
melted  at  gr.  283  I|.  If  you  alter  this  proportion, 
the  mixture  becomes  fufceptible  of  a greater  heat. 
When  the  tin  was  double  the  bifmuth,  it  did  not 
melt  with  a heat  under  gr.  334 §.  And  it  ftiffened 
in  this  heat  when  the  tin  was  to  the  bifmuth  as  5 
to  3 **.  And  if  the  proportion  of  bifmuth  be  very 
fr.'.cll,  the  heat  required  to  keep  the  compound- 
in  fufion  is  ftill  greater,  and  comes  nearer  to  that 
of  melting  tin.  When  there  was  eight  times  morct 


* Phil.  Tranf.  Abr.  IV.  2.  p,  2. 
f Muflehenbr.  Ibid. 
t Ibid. 


1]  Newton,  Ibid.  p.  a. 
i Ibid. 

Ibid. 
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tin  than  bifmuth  in  the  mixture,  it  would  not  melt 
with  a heat  under  392*. 

We  are  told  by  Sir  Ifaac  that  thehcat  of  melting 
lead  was  gr.  540,  and  that  of  bifmuth  460.  But 
thefe  two  bodies,  fo  difficult  to  be  melted  by  them- 
felves,  when  blended  together  into  one  mafs,  are 
much  eafier  brought  into  fuHon.  A mixture  of 
them  in  equal  quantities  but  juft  ftiffened  at  gr, 
334f;  and  fo  would  melt  with  very  little  more 
heat. 

But  what  is  moft  furprifing  of  all  is  the  great 
fufiblenefs  of  a mixture  of  all  thefe  three  ingredi- 
ents. Mr.  Homberg:};  propofed  for  an  anatomical 
injeffion  a compound  metal  of  lead,  tin,  and 
bifmuth  in  equal  parts,  which  he  tells  us  keeps  in 
fufion  with  a heat  fo  moderate  that  it  would  not 
finge  paper.  Sir  Ifaac  contrived  a mixture  of  them 
in  fuch  proportions  that  it  melted  and  kept  fluid 
with  a heat  ftill  fmalter,  not  very  much  exceeding 
that  of  boiling  water.  A compound  of  two  parts 
lead,  three  parts  tin,  and  five  of  bifmuth  but  juft 
ftiffened  at  that  very  heat$;  and  fo  would  have 
fluxed  with  very  little  more.  And  another  mix- 
ture of  the  fame  materials,  in  a proportion  fomc- 
what  different  from  that,  aflually  melted  by  the  heat 

• Newton,  Ibid.  p.  2. 

-j-  Idem,  Ibid. 

f;  Mem.  Ac.  Sc.  1699.  p.  235. 

§ Newton,  Ibid. 
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of  246  *.  It  confifted  of  the  lead,  tin,  and  bif- 
muth,  in  the  proportions  to  one  another,  of  1,4, 
and  5. 

Antimony  is  a mineral  compound  of  fulphu- 
reous  and  metallic  parts  The  metallic  fubhance 
when  feparated  from  the  other  is  called  its  \R^’gu/us. 
This  is  able  to  bear  a great  heat  without  melting. 
When  prepared  with  iron,  and  fo  going  under  the 
name  of  Regulus  Martis,  it  was  found  to  ftiffen 
only  at  pf.  and  fo  would  take  a heat  fome" 

thing  greater  thoroughly  to  melt  it. 

But  this  rcgulus  fluxes  fomething  eafler  when 
mixed  with  tin  or  bifmuth.  A inixtuie  of  it  and 
tin  in  equal  portions  was  found  to  melt  at  gr.  635:}:. 
When  the  regulus  exceeded  five  times  the  quantity 
of  tin,  it  ftiflened  at  gr.  752  1|.  And  fo  too  did  a 
mixture  of  regulus  and  bifmuth  in  the  proportions 
of  two  to  one  §.  But  when  the  regulus  was  in 
I lower  proportion  to  the  bifmuth,  as  in  the  ratio  of 
fovir  to  feven,  the  compound  was  eafler  melted , 

for  it  fliftened  at  gr.  635  f. 

Though  it  would  feem  by  thefe  experiments  that 


* Newton,  Ibid, 
f Idem,  Ibid.  p.  3. 
\ Idem,  Ibid. 

II  Idem,  Ibid, 
f Idem,  Ibid, 

4-  Idem,  Ibid. 
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the  metal  of  antimony  gave  the  tin  and  tin-glafs 
a power  of  refilling  the  fire,  and  that  even  fomc- 
thing  greater  than  its  proportional  quantity  in  the 
mixtures  fhould  require;  yet  it  promotes  the  fluxi- 
bility  of  the  harder  metals.  When  added  to  red- 
hot  iron  it  foon  brings  it  into  fufion  *.  And  it 
increafes  the  fufiblenefs  and  volatility  of  forae  of 
the  other  metals  f. 


(f  G ? cf 

The  hard  ineials,  filver,  gold,  copper,  and 
iron,  require  a more  intenfe  degree  of  Jieat  to  de- 
llroy  their  confiftency,  and  bring  them  into  a fluid 
flate.  And  before  that,  too,  they  undergo  a very 
remarkable  change,  appearing  in  a fliining  form ; 
when  we  know  that  they  have  a vaft  burning 
force,  far  exceeding  the  heat  of  ordinary  hot  bo- 
dies, as  the  fummer  air,  boiling  water,  6c.  the 
proportions  of  which  fome  have  endeavoured  to 
determine. 

Dr.  Keill  t affirms  « the  heat  of  red-hot  iron  to 
**  be  only  feven  times  greater  than  the  ordinary  heat 
*<  of  the  fun  in  fummer.”  But  this  ordinary  heat  of 

* Boerh.  Chem.  I.  p.  55*  H*  P*  5^** 
f Ibid.  I.  p.  34,  38. 

$ Exam,  of  Burn.  Theor.  p.  156. 
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the  fun  in  fummer  is  not  a very  definite  thing, 
efpecially  as  then  underftood.  So  that  we  are  not 
quite  fare  what  Dr.  Keill  really  reckoned  to  he 
the  heat  of  red-hot  iron.  Though  I fuppofe  he 
had  fome  view  to  what  he  found  in  Sir  Ifaac  New- 
ton on  that  fubjcdl. 

Very  early  had  this  great  man  been  making  ex- 
periments on  the  various  degrees  of  heat  in  bodies. 
And  it  was  from  thefe  his  firfl  trials  he  had  what 
he  fays  of  them  in  his  Principia^  reckoning  the  heat 
of  red-hot  iron  to  be  three  or  four  times  greater 
than  that  of  boiling  water  * : almoft  as  Dr.  Pitcairn 
foon  after  gave  out  the  matter  inhiscolleges  at  Ley- 
den fj  to  whom  I am  ready  to  think  Sir  Ifaac  had 
communicated  this  obfervation,  that  “ by  the  heat 
•“  of  our  fummer  air  the  oil  is  raifed  in  the  Ther- 
« mo  meter  74-  degrees  ; by  the  heat  of  our  (kin  to 
« gr.  17;  by  boiling  water  to  gr.  50  or  52 ; by  the 
“ heat  of  red-hot  iron  to  thrice  that  number,”  or 
to  gr.  (i8oX3+32=)572  in  our  fcale. 

But  upon  what  grounds  Sir  Ifaac  reckoned  red- 
hot  iron  (ferruvi  caiidau ) to  be  but  three  or  four 
times  hotter  than  boiling  water,  I cannot  well  tell. 
Nor  how  either  he  or  Dr.  Pitcairn  could  determine 
the  dilatation  of  lint  feedoil  by  the  dire£I  application 
of  the  heat  of  red-hot  iron,  can  I conceive  any 
way  poluble  j for  it  boils  by  a much  lefs  beat  than 


that. 


■*  Princip.  p.  ycS. 
f Elem,  Med.  11.  i.  f 26. 
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that.  And,  if  you  were  to  imagine  oil  to  expand 
regularly  as  far  as  you  pleafe  without  boiling,  the 
heat  of  red-hot  iron  would  carry  it  much  beyond 
1 50  or  200  fucli  degrees  ; that  is  to  fay,  it  woultl 
dilate  the  oil  much  more  than  three  or  four  times 
the  expanfion  given  it  by  boiling  water. 

It  is  true  Sir  Ifaac  gives  out  this  computation 
only  as  a conjedbure,  which,  however,  as  it  ftands 
in  the  firft  edition,  is  ftill  preferved  without  the 
leaft  alteration  in  both  the  other  two  ; though  he 
had,  long  before  he  publiflied  them,  made  fome 
new  experiments,  whereby  in  a very  ingenious  w»y- 
he  had  found  the  heat  of  red-hot  iron  to  be  a good 
deal  higher:  for  his  firft  inquiries  concerning  the 
comparative  heat  of  bodies  muft  (as  is  commonly 
the  fate  of  all  firft  eflays)  have  laboured  under 
fome  imperfection.  Bur,  as  this  aftair  was  well 
worth  profecuting,  his  great  and  inquifitive  genius 
did  not  reft  in  them.  He  repeated  his  trials  with 
greater  care  and  exaCtnefs,  and  an.  1701  gave  in 
to  the  Royal  Society  the  rcfult  of  them  in  that  ex- 
cellent paper,  (to  which  already  wc  have  been  fo 
much  beholden  for  fo  many  curious  experiments 
and  ufeful  hints),  containing  a fval'e  of  the  degrees' 
of  heat  determined  with  an  oil  Thermometer  and  a 
lump  of  red-hot  iron'*. 

* P.hll.  Tranf.  Abr.  IV.  p,  1,  ^c, 
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Of  this  method  of  determining  the  degrees  of 
heat  we  have  already  * had  occafion  to  fpeak  more 
fully.  It  is  the  refult  of  his  obfervations  we  are 
juft  now  concerned  with.  And  we  are  told  f, 
that  at  his  gr.  1 14,  which  coincides  with  our  ^r. 

^.iJ,l^l_i°4-32=)635  heated  bodies  begin  to  ftiine 
in  the  dark,  but  juft  fo  as  to  be  perceptible.  This 
may  be  called  the  Jbining  point  of  heat.  But  I 
v/ould  fuppofe,  from  the  train  of  Sir  Ifaac’s  expe- 
riments, that  this,  and  what  he  fays  farther  of  the 
fplendour  of  heated  bodies,  is  to  be  meant  folely  of 
iron  : for  it  is  likely  enough,  that  different  metals 
and  other  bodies  may  arrive  at  their  fhining  heats 
in  diiferent  degrees.  , 

But  iron  muft  be  vaftly  heated  beyond  this  to 
have  the  charadler  of  being  red  hot.  Before  it  can 
ftiine  brifkly  even  in  the  dark,  it  muft  be  at  gr. 
752  t,:  and  yet  then  it  has  no  perceptible  fplen- 
dour in  the  twilight.  And  it  is  not  till  the  heat 
arrive  at  gr.  884,  that  bodies  fhiue  diftinclly  in  the 
twilight  immediately  before  fun-rifing  or  after  its 
fetting  H,  but  not  at  all  or  very  obfcurely  in  ftrong 
day-light : and,  agreeable  hereto,  we  find  among 

* Eff.  on  the  Heating  and  Cooling  of  Bodies,  § 

f Phil.  Tranf.  ibid.  p.  3. 

% Ibid. 

H Ibid. 
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Dr.  Muflchcnbroek’s  experiments  * an  iron  rod 
heated,  but  not  reddened  in  the  fire  to  have  bee» 
lengthened  276  deg.  of  his  Pyrometer;  which  falls 

on  gr.  2=^969  in  our  fcale. 

In  Sir  Ifaac’s  reckoning  the  heat  of  a fmall  pit- 
coal  fire  unblown,  and  of  iron  heated  red-hot  in 

it,  was  gr.  ( ^ 3 2^: ) 1 049  -f : and  a rod 

of  fieel  heated  in  the  fire  till  it  was  red,  Dr.  MufT- 
chenbroek  :j:  found  to  be  lengthened  364  of  his 
degrees,  and  confequently  to  have  been  heated  to 

our  gr.  (iA^^i-l2  4-32=)  1095,  you  fee  not  dif- 
fering much  from  Sir  Ifaac’s  heat  of  a fmall  pit- 
coal  fire. 

But  he  jj  gives  crut  the  heat  of  a fmall  wood-fire 
as  greater,  amounting  perhaps  to  his  gr.  200  or 

2 to,  which  is  our  gr.  12-4-3 2=)  : 

and  a greater  fire  he  juflly  reckons  hotter  If  ill,  efp?- 
cially  if  blown  with  bellows.  Copper  fhining  hot 
from  the  fire  Muflehenbroek  **  lengthened  392  di- 

vifions,  that  is,  to  our  gr. ^ * — 4-3 '2— j 

^ Tent.  Exp.  Ac.  Cim.  Add.  II.  p 47,  4-'?,' 

4 Phil.  Tranf.  ibidv 
4 Tent.  6’r.  ibid.  p.  48,  49. 

II  Phil.  Tranf.  ibid. 

**  Tent.  dc.  ibid.  p.  49>' 50. 
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And,  to  be  fure,  iron,  in  reddening  and  meltings 
trikes  on  a greater  heat  than  copper. 

This  matter  to  be  farther  profecutcd  by  experi- 
ments. 


VIII.  Of  the  boiling  Heats  of  liquid  and  melted- 

Bodies- 

A very  moderate  degree  of  heat,  no  greater 
than  that  of  hot  animals,  is  fufRcient  to  generate 
air  bubbles  in  frefh  water.  But,  to  make  it  really 
boil,  a vaflly  greater  heat  is  required.  By  the  very 
conftrudlion  of  our  Thermometers  that  happens 
when  the  mercury  is  raifed  to  21 2 j beyond- 
which,  water  is  incapable  of  being  heated  in  an 
ordinary  ftate  of  the  atmofphere:  which  circum- 
’ftance  is  to  be  underftood,  too,  of  the  boiling  heats 
of  the  other  fluids  we  fhall  have  occafion  to  men- 
tion. 

Sea  water  in  boiling  does  not  take  on  a heat 
fenlibly  greater  than-  common  water  : but,  if  the 
water  be  as  flrongly  impregnated  with  fait  as  it  is- 
'Capable  of  being,  it  is  fufceptible  of  fome  more 
heat.  Dr.  Boerhaave*  found  fuch  a flrong pickle 
boil  up  to  the  heat  of  2 1 8.  “ . 

A Uxive  cf  pot-afes  is  heated  to  gr.  240  .before 
it  boils  f:  and  the  common  filine  fpiritSf  which 

I 

* Chem.  I.  p.  74<7. 

•f  Phil,  Tranf.  Abr.  VI.  2.  p.  iS. 
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are  ftrong  folutions  of  volatilized  acid  falts  In  wa- 
ter, bear  this  great  or  a greater  degree  of  heat. 
Spirit  of  nitre  comes  to  gr.  242  * and  I fuppofe 
aqua  fortis,  fpirit  of  fait,  ^c.  are  ful'ceptible  of 
much  the  fame.  But  oil  of  vitriol,  that  Itrongeft 
of  all  the  acid  fpirits,  (and  oil  of  fulphur />er  cam- 
panam  is  much  akin  to  it),  goes  to  a vaftly  greater 
heat,  viz.  to  gr.  54*^  t 

* But  the  common  true  oils  require  ftill  a much 
greater  heat  to  bring  them  to  a boiling.  It  is  true 
alcohol  boils  with  the  loweft  degree  of  heat  of  any 
liquor,  to  wit,  at  gr.  174  or  175  J,  and  brandy  at 
about  g-r.  190,  as  I have  experienced  : and  alcohol 
is  but  a thin  oil  i but  then,  by  the  procefles  of 
fermentation  and  diftillation,  it  is  fo  much  fubtili- 
zed  and  attenuated,  as  to  become  thinner,  more 
volatile,  and  eafier  boiled  than  water  itfelf,  as 
Lord  Verulam  too,  long  ago,  obferved  H. 

Thofe  oils  that  have  any  lentor  in  them  have  a 
much  ftropger  coheficn  of  parts,  and  can  bear  a 
much  greater  hear.  “ Majorem  calorem  defiderat 
“ ad  hoc  ut  bulliat  oleum,  quamaqua;  & tar- 
« dius  multo  bullire  incipit,”  fays  the  fame  Lord 

* Phil.  Tranf.  Abr.  VI.  2.  p.  18. 

-f-  Ibid. 

Ibid,  and  Boerh.  Chem.  I.  p.  168,  745>  74^> 

749- 

t|  Hid.  Denf.  oc.  p.  46* 
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Verulani  *.  Oil  of  turpentine  is  amongft  tlic' 
thinnefl:  of  alltl>efe,  and  yet  in  boiling  it  railed  the 
mercury  in  the  Thermometer  almoft  to  gr.  560  f : 
and  hereabout  I reckon  the  boiling  heat  of  the* 
other  ordirjary  volatile  or  ftillatitious  oils  ; which,, 
however,  as  the  boiling  continues,  is  always  aug- 
menting, the  more  volatile  parts  flying  away,  and? 
leaving  the  refidue  thicker,  Aronger,  and  lufcepti-- 
ble  of  greater  heat 

The  exprfjjed  fixed  oils  can  take  on  ftill  a great- - 
er  heat.  I find  Mr.  Fahrenheit  and  Dr.  Boerhaavc  ' 
fpeaking  as  if  they  and  quicklilver  began  to  boiT 
at  much  the  fame  degree  of  heat,  viz,  about  gr. 
600  I : and  in  boiling  they  are  fufceptible  of  ftill 
a much  greater  heat  than  this- before  they  burA' 
out  into  flame.  Dr.  Mufl'chenbroek  has  furniflied  ■ 
us  with  a method  of  judging  of  that  heat,  ,inde-  - 
pendeinly  of  the  c-^mnnon  Thermonteters,  from, 
the  lengthening  of  metals  expunded  in  jt,  byAvhich- 
the  heat  of  boiling  oil  came  out  C'Cnfl.<le»-ably  high — 
er  than  what  is  afligned  to  mercury  boiling.  From  < 
tlte  freezing-point  he  found  **  the  elongation  of  > 

* Hifl.  Denf.  <bc>  p.  46.'  ' 

•f  Boerh.  Chem.  I.  p.  747. 

:j:  Ibid,  and  p.  748.  and  Phil.  Tranf.  ibid. 

II  Fahr.  in  Phil.  Tranf.  ibid,  p,  18,  52.  Boerh’.' 
ibid,  p,  165,  265,  291, 747,  748,  752.  MulTchcnbr^  • 
EIT.  Phyf.  § 880,  952,  896. 

**  Tent.  Exp.  Ac.  Cim.  Add.  II.  p.  20. 
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an  iron  rod  in  rapefeed  oil  fo  boiling  as  to  be  rea- 
dy to  burll  into  flame  to  its  elongation  in  boiling 
^vater,  as  201  to  53,  and  confequently  as  682  to 
1 80  : fo  that,  if  the  mercurial  'I'hermometer  had 
been  capable  of  being  lengthened  out  far  enough, 
this  boiling  oil  would  have  raifed  the  mercury  in 
it  to  gr.  682+32=714  ; and  tlwt  is  a heat  in  the 
ordinary  way  of  reckoning  from  above  the  freez- 
ing point,  (^1^3:^),  near  four  times  greater  than 
that  of  boiling  water. 

It  is  true,  a much  lower  heat  made  a fort  of 
boiling  noife  and  froth  in  the  oil,  arifing  from  the 
expul fion  of  its  more  watry  parts.  This  came  on 
when  the  iron  rod  was  lengthened  but  1 20  parts, 
and  that  lights  about  gr.  440  in  our  Thermome- 
ter. But  this  is  but  an  accidental  and  indefinite 
fort  of  heat,  and  not  at  all  to  be  reckoned  the 
complete  boiling  flate  of  the  oil,  or  the  greateft 
heat  it  is  capable  of  without  burning. 
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